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>u^J£ 






01 D 110144 v tSJI fJj 



\j^\^\a jrA — uj : Ju4*< 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„l.' 1 1. 1 l .l .lll .'.l., i|. '. II l.l.Tl 



iuti\ 






J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



^j^ai 



oU^^il jl> J_pj t ^j£)| j^jpi C ;UJ1 IUp ^JjJ ^11 ob^jJJ li^Uj 

Jl ^Li'l jljJl j^>i\ ^Jj| v bsai iJLi jus,; «jU i£,, ^ 5-pUJl ^^1 CJuJI 

. SywJUl *J*»1^JI t^jl?" 

(^ <-iy>^ *»UI Oj&Lc V OiJJi viWjf Cl^j *, -juul'i ^ Jjlac liUNl 
J .& a 1 yjit^ 1 j.^ of |4*i oL U5j , 4j"yj~*S3l oUJalil Up ^JuJ JaJ J 0>U»J 
J*-" ^'^J i J^JIj 5LJ-I *rjf uib£ ^ oVi iu ^ ioLJ^II 5L> J lli^U X> I^U 
COJlj aJjUJJIj o'Uj^Ij ^LjJlj ^-LlJij C^ilj C&J| :oUlkaJlj Jyi-I ^ss 
ojbNlj v^ll oUjkJ ^ j^tj J*Jl Ola-, yj-^l i> aaJ .£*l'J\ >j iltflj 
. -up (jjt^ ^i-ju of £>kuJ ^>dl j Jpti ijj -y. iJbk jl*j' Jj t ^UiVb 

C5j^V ! J! ^% SjL*iil Jij ,y ^J**^ &*V J^ Jl ^y.1 ** 4jS 

£# .jjkJl jlki •&* Of ^jJj «Jup oIju J Jr ^\ r Uj ^ ^Ul JpUJI J^l Jl 
p-r . pA£* u* Oj^r p-t^J yjcr*^J i^JL jj5^ pit ^ SJj-Ij ii** p-fr**^ *Nja 

l^ JJ O^CJI ^ N AP|_^ ^ ii'\ yj^ti 4 j^Ull Jp Jj . <U4i ^MlJ i^i 

V^J**"^ jysr*^^i /' *" t^jLaJl >^ i-ij«<.j .^wj^yll (»j-^jJ1j Sjlijil iftlyill -^ J_^»i 

V ^Liu ^UjVl JSo :iL2>. if Jl xiJ V yjs^l -j* (jijSl 5fj iajCISUJj -jljJL* 
.&&[ jy~*S\ j*% jj U^iP ^ ^1 iJLi jrly-b -cH' j ^1 ,y-" f ^ Jl "i^" 



* .^ 
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Ot>Lim 



1 OJLill 

<\ ?_£-*£)! j* I. :JjVl J**UI 

U O^j^lj^&ftjUIJHAl 

<\o Vjw*^ 1 J-*^ 1 -^ : jW!J-^l ■ 

V' (Y^j^lj^^jUl J>-ljll 

X^ (^^>-f 4Jl, > k-.f Jl AJljk-if ^ ^J^LJI 7*~<J :<i*)^l J-KliJl 

TV jJj^loUJS^ igl^lj^l 

V' (r^^l^^UlJ^ 

V * jy> Vl >»L«j £*>ljdl J,ji3 i— <LS" : (j.vaU-l jUaoll 

Vo ^JwalJl J jl>^i . . . i^^iJl : ^aLJI J-^iJl 

H ^Slill pUi-Jl i^jjj^lJUJ : e UIJ^I ' 

*Y (\)yj~*£]| »bT 

iT ^^ olJlj (^ill iUUiill :(Y)^*sai^l :^WIJ^C 

*V i ) iy J}\ j*\ji : (V) jj~+A\ & i^-UJl J^iJI - 

°* (Y)jJj»*S3l*LT » 

°^ ^jkllj^JLl Jiplji ^^ji^saiJUJ :^iUJl J^l '' 

00 ^jL^>l^l*Jll i^j^U-I J^l ■ 

o<\ '....CaklloUjJI .yjJljJrl :(\)^ J i JSf ^JI jkil :^jWIJ^J| 
"^ ttkll oUjJl J* -, :(Y)^>i^S3l jkil lyiP^JWI-J^JI 

v ^ jjs-JJIJJI *1{T :(Y)01^JIoIjIjJ| i^^UM Ju^aiJl 

v> f 5jj>sa>i iiilii j^u- ^V 

v * .bVl JU JiU ^^ 

Vo l^^LiJjip^lJI : (T) %&\ oljljJI ^^Ul J^oiJI 

v< * JL^JiW £4^3 :(i)55liJloljlJj| : ^ gUI J^oill 

Ar ^> Jl^'o* ^.yM J-*Ul 

AA '. y^l Ji oliUl ^ 
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>\fj&t\\ 



A<\ (^jjjs^J! J~*b \jJLfi ^-UJI J-*mJ! 

<\i ajjdi audi dijj^ oijif 

<\o (Y)jjj s ^IJ ft *b lijjJjJI J-,«ill 

U ^UJVl J^U 

<\^ Zjjj~»£S\ Jj Jill Ou* : «1)Jj»JjJIj ^iU-l J-^aill 

^ * ^Jlill ^J 3 : OjyiJlj Jlill JvauiJl 

\ • A (lA^ 11 ^^i) V^-A 1 : ^ J^b «iJWl Jmm)I 

UY i^lkJl : OjyJlj ^IjJl J-^aill 

^ *\ Aj jjj^iJl />j--ajjl 
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2^'JM 1 



jLs>IaJl 



fcJ^l 



<J_J>\J^ 



jtViJl 



jI^aJi 



lti*J)(_AJ 



t3 ,.la U 1 



?j_*l^ 



? Jaw ljLSj 4jLij&> ^ U ?i_ilb -t^j yjj**^)! _jA L» 









w« 




j 



-ill 







:,J>j iuLuAJI LiLiiudl (}« jj&j ijL jl^A jjjji«ill 











.<<' 
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JJUJI UUU CiULuUIj jj guSlI f jfcj U£ 



i^^l^ljllj.^lUlflilijJjjUaJI 
:Utill SjljjjJI JUtVL. f ljill jjj^l ^jkU, ^1 ijj& JJI giljill (Ujjj .gjju Jl -iLlaJI »i» fl*?J jlju^B ^j 



I 



3b 







* ; Hr 'Iv ; iv 



■I i i '< 



Si-ilXI i^ n i n j jjI 



jU jj£ - OiJa. jJS 



ijujd icljiJI jjS 



ijjiLo ixjjl o 15 -^ 1 ;jJt t>*^-° fr 1 ^ 



IfiP ti^*Jlj oULJl jy 



4ijUil 9 



Sjj&l oUU«Jl 



ijL«J-l liiLUjJl 
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...£]| iulkilj ..JiUVIj 1& uliJ.I UjJj .JLiUK 
jIjjj ,j^i ,j* ^U'Gj jjiJI Jjil.1 ^-lL=J.Lj ^ildjil <Uiiij-|jj iJllAj 



iquijj Jc ^jy . iuI^-o iji'i'l I4JLJJJ ylllj jjjjjjSJI Jilj jjjjjSJVI ftuiill^ ^ijj yiJI iliLillj CiLiUlil <cj ? , n ^ ^>lj^l : S , *'*>^' 

iTiljaJll CulS Ijlj .iijSjLI 4aJLll1 S.1».JJ JjJLiiiJI 

•■'lift ^jljJJI (klijlj JdUIIj Ji>UI ljjj iPJ' <jjjJ.I 

U>J -d> =JI JX fcu.ii.1 J CS^ltl J£ UjJUj JjJSVJ jS-OJ 








f.js»-iiJI Jjje 



J>il 



U"y ■ 



s_ ^ 



L.lj>ll t* dl>J.I »lj=.1 (y-* «_ik _ Y _ S 

jjSJJIj 
pLu A-"ijJI w 1 «U'itl JjLuII Jjl _ T _ ^ 

plj—a.'jM J— t ^jijJJ llo (j.ilVi - ° - ^ 



LjjJU iUut jili I.LSI jiljjjn^ll JJ&3 ySJI 

li* ''_■«'■*■ JiSj ^jjl Sj^uoJI (^ i_i*Sj (jl 



Jl ^_a.La. J Lt « - iiU"ill g^iU^JLi .jljaJ.1 

tjl (5JU.I ijUal ,>^i JSilllj JJ^Ij 1 
.Clj*ll 



U 
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j&jSti <ji ^MiL.t Qf o4f 



iljjls Sj^il J 4jjSj6 iiJLXd 5 JAJ J« jj jJOjiJI ClI J&4 *il'ljj 




JijSl^jUljj^oJUl.jUl 

> J Ml 



ifll Jl OLrtll ^ 




I^SJ^^mII. 



CA'Ajj J_ft J irmui 



own ji w & 








Ji 



>Y 
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ibMiU.t^tMlt^Bt^^ 




E'>> 



j}li-il iJJJ^J 



Jlijl 



Ebi' 



=S\ 



JbjSjXI *aJUdl 
SjSlJj 



£Lil yJJiu 




JUjI 



JbJUJLI Sjaj 



SjSlij feySjM JKIIttl Siaj 



E 1 ^' 



-■ J ■ J . ...J 



..»* 



; ,-,"'.' '', > u v u 



-< ; ' U,HJ3lBi / 



/,JLi r > / .;'.? 1/7,:.. 



H: 



" i nn iii j ii w^ ii,,,^,,^^ 



jiiji 




SjSlij ajjSjW (taJUAl 5jaj 



w^r-^v^w.w 







JlLjI 




E'>'-^. 




.._. 


-mama 


N 




fffe&&*> 


** 


,. 






■ ... 


■ 










■ *--■* -r— — i 


■^ . 


i a x* 





™* nmaniBa 



TT7 



-jiji 



E'>' 



iN 111 1,1 Sjaj 
Sjslij fcjV 



Jlijl 




,|U>I jj>j 



\r 
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JLSpj t^aJ-lj ii^iJ-l l)L^5j />UmJI Jp uJaiJIj (t_Jj*iJl ^vi* (_$ jj jy«Jli!lj) jjjJlJl «jU>[ jv Co-jljJ 

£ j^Ij JU-I ,y SJbJLP cilju* j jtaJ J. ib-lj hll fa jl ^j^l Jl oU-l *M j* JltNl ty >»Vl vilUSj 

Jjf-I Ja,. c^l Sjfft lojrSI j- &> cJlS yj-Ju J{£\ JlIJI jJaJ jJI £Nl 5^1 51 C»l>- 5 cSj&ll 

Ja-^j JL.U-1 c/Wl Jl ol^i*ll JUa^ *L-y j*ijj J cJL> &L* <J\ juV C)jS!al ^j^-fj &U-I ollUJl 

, Of j &j^)I jj*j <ui^l 4"^' tty*» 



(.p.^ V» • ' Jlja,) (Abacus) jl^xJt,! 

JjJI ,Ji*JJ ihJLjU ^ S'V'..'* i*K 
- i~*...l . <dk <jh<ll La jtlajuj Jx. \3jJ-LI 

CjVVI A+jlfij-uuj q^aLai <ll n n"l 1 i l l 




(Napier's Bones) jruli fUst 
""(HW) 

nlj>^l Jl LlluSji Sjrflic, tjl unJ IcjJ^-a 
{y» ^ ftlt (jry^o V-J^^ U^-P L)^*i 'Sf^J 
4|...l.., « *- ■ (^&£ ci_jj-i-aJI Ji rt l *\ ^1^1' 

iJj^a-j Jut iulit Sj>i-<u Liftl jiii 't't i ^»3j 

(William Oughtred) jjjjijl fjJj ^jj >■' 
iis ^aii .ui>J.i i>-ii. J 1 f.UioJi jj^s, 

J,lj US . Ifjj ln a 'n l j o>lljJ Vj (^uljifll 

Jjl'iniiijjJtgl (^1 Jli-vV^^Jl**^ 




QBeEOOflCO 



M 
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E- 4 !/— Jl 


tJ^.-H 


CL.MU1JI 


> t j*_»ii_jL ( r Tj * \^» 


CjLa>kJi 


J-ukL^Ji 


oL>u_n 


3 w\\ 


a y ;m 



^ULJL *l^j(j >y\jS\j olJull jy iS^UJl JIjljI aJu* &£ jfij/c^l J-aUI Iju J 



« jfj-QlV 



jUJI L^JI 






tiMjjjjj^lJttj^jfljUAtattLill&laJlj 

SjlaaJI Jl JjJuj US .giljtllj dljill (ju buMfl UfiUUI 

Uuij .l^ija j^jj DlJLull Jlajl kiiS ^Aj dLiiiiJ £ J tf\ 

j)Sj tf -pjiiaS jkUali JS jli CiltfJUj giljdl qu JJiUJI &£ jil 

dJj £j«&Jj .iluu pl^j pbiil ■..fyh'ill juli^JI ua^tj IiUm 

.jijiiiSJI (Ciljji* tfl) aLuuSI dliia qu Ijl^a <US j > )tAU Jliu 

yt £i4jj ^ill fcjSjU kJUJJ 5^j Jl <UI)u <Ua,jL J1UI fjL 

WIS JtU^iui, iuaiiiLiVI SjSlill ^UaaiS CibjWI 



^o 



.jl^aJI liA yt <Ulc SjSS plLtl iU^Sj *Cu jSJ ,) ilaloll <LuMI 

tAaJli luLaaJI oUUaJI jt J4U ijL jjjiiaSJI jL jjSi/SiiUj 

iiilaiil liUkjJI j^ joju jjLjLS .iiuiillj u^allj rjlailj 

ObluJI»i»(>ISWailj.(y4jjSl/()4ji4dl) JLolillljJjl«illS 

,£liu 4iiJj . CiLtLu y« dl jijii It (bJlit Jfc jjIS jS^iuSJI jli 

JaJju y« itaii 5jya ^ 4&u wljill *iA . giljj Jl ndl^j lUiii 

jl CiGLuli Qu ijjim ^j ,lfit ittJIj dJLull jjij .Dljiiyi 

.iuLuaJI CiUIa&II Ij&1 jidjI^ljiOlfl^l jaJjjIjSj 
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QtiLdl JU.t 



€tt? 



tjjSjJ.1 <aJUM Sjaj jit juj 
^j.fljijSIJjlfijiijjaJ 

.jSjju-SlliJiyiijSlill 



ClLJLlJI ()« &uU Jluijl ^JJ SjSlill j ClULull jji fJJ ji JJU 

.iulUI jcUl^jl jiukU yiwLl Jb^jll 4aJUai Sjaj Jl 





H 


jjjSjllUUllittj 


-*• 


Giy.ilj£jSIJ ,jl 4Jki^Lojjij Lu 


»>l.l 


1 


LLt JiU. j itjIjJIj oUjUIIj )f>iW\j 




iuIjJIj iUjW.1 si* .l>5i taJLiil 


: 




t Ujjll jl jl|»H elikl Jjauu ^a-u 


! 


1 


Jjaj jlj US .<JC Ji\jjfil\ jUJI 

JISjJjSjSlj Jl iJjJiiliLu Jlijl 

JjjJaJl JjL.j UjLuJI oliluJI yJ. 


i 


1 


.Ifllli 



iulUI jl UU1I 






>A 
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tdLUI-M* 



.&lj yitil SjSl J |j| Jit y« <U lid 




iliUI ]ii=u jaVI sllatl 



luj<i jl lililjkuil-'iiljui 

U.^.LI-.L. 11^. oiUIII !>l Jll j 4l»)JbJLl iliUI ui^ 

» Ujili jSU: V toUin 5jSI ill si* jl J*** Lu^ i^J 

jl^ Jl lijU Ik^-i jl fcljLJ tliJ LJSj v^ 1 J 1 ^ 1 ■ 

el j* .ifi jji* K 5j^ J ^eJ^ 1 h^ cr*> ^ u Ji * aJI 

t LA jl ^ Ifit j* ijJfll jl alilj^L IjlUI ^ 

<]1 ijjtfl jlfj. Jt jiL Uu oliljLJ tilj- oliljM' 



\<\ 
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W 



M -%&jUi« ^&tjif 




(Leibnitz Calculating Machine) jj+fi <UuU 

(uvr) 

oU.a.1 1 j»ji; .iilS Vj^ J^"# ijj-"*- 3, J- 6 ^yk"' 
CVi ,> cuUIj ■ ^^j 4ijfuu LluiIJI j yj^li t*=-N 
US ,^.t l ..■■■> » iUUxJI i> t-**i o*^ U" • A * , J J 5 *'■>?■' 

d-|ljl....l. Ij j ._..»■ ISjila Uud ■ iijl'1 S>alJ ■ l £>u CulS 

J*aJ iijjj i*iljj ^>JjJ L.S .<jiliilj Ij^UJI iVVI 



(Pascal's Calculating Machine) Jl£uu imjL* 

"(UfY) 

^ ijliJji— u- fi>* v*j-> J* -oLvJllj ^XjJI ' Ji-e J" 3 
vYjj JSj .oVjjll J* iylkll r lijVI ^j3 .(jai^'l i^jiS) 

"\ ^Jl jjUij jUVI uojS^Jb Uli» ...^YayWU-atittt 

JjJIjJ I jl»j lulifc Sj^usj .SjsJj ll« a\j^ai\ y^jjjy'ju 
d j't i ri « <jjIjSj <bjjj £jLL&£ dl...l... dL... I.. . ft *» ) l .." ,. 






i.%. 





(Jacquard Loom) Jjl*La> J>> 
(U.£) 

^ill ^jjSII JW1 U jl. W »i» J^ 
j^Ji Jx iuLuiaJI ^ oV\l Uili. 
LiuUjJ.,1 J*ju J^ jjl% illj -jJtt^SJl 

Ul> Jail jJi Jl JjI J>=^ J^ 11 ^ 

.uliLJI JjSil oliil ,> UJi JSj f£^£ 

LUil .[uiilJBlljJJI J^ u^ iJ^J 

^UlkJI SjSi ciiil <1VI » i* !>j .KUaJI 

.jSj^I ^ Jiljl j oUU ^1 S^ 11 



(Babbage's Difference Machine) ( 5 Uj) J^UUI *il 
k (\AYY) 



W 



Jjl j» ,> ^il ieUJIj -L"i»Jl iLJ*^ f* 8 * 1 ' 

^T^i : i ^wi ,- Ji jv *x*M« 6. J* -; 

** ir^ ^^' ^ ^ ehr Ge ° rg s r, ut2) 

- • ' ^Aoi fit o^ 



-c& 






**• 







is*' 1 - 
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g-^M 


sJV^4i 


o^tvyi 


itU^UiJu) T_j — ifc Via 


cJUa>kJi 


j^'L^ii 


obUJi 


3-Lai 


A, ' Wl 



. JiJlj mJUI £aS J*m1I IA» j 



^>l^!^fjJf^f^f^yLLJI^ 



SljJ! LaiJl 



dJU ,l^Jj jl ttl jMI ylji»J iajii CiULull jlii JUbl JQa ylS U 



jitij JiLiuJI Will iuu jl 

jus ^ ^i iij^ii 

jj, AjJjuU Rjullll 4iW 







If dL» *y^ * A "'f 

(1) fcljkJ 



Jjjja. <a mi 

OuLull q» 

(J) fcljkJ Jfi 



Y^ 
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4-b^^^M^ 



flLI Jl jUaVI j^*J j jli^j ^J -mJilo. ^ui 5jU l^k ^JLj ia-J J 
i^j .oibwill jaxj l^k ^^ ^1 iiwj jji^j jA US Jlo^I lialo 
" IfwiJ JjIjLmVI Jt ^ill lift jt *^1 i^*J i^i«J IJili iilli Jal 

iy-'-'l Jt ^Uo dU! <> iulill iiuuJI Jt iojiUI G^JOull Jijii 



ililil p i ii jl i io ^1 4jLjIu1I 

,yl i^ j 




^Vljl^l 






YY 
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<u!^I jit £4 j4! ^-liUJI g!>Mi! 



»jA r Ijiiuil ith'iin'i Luli juu tilt j 4Jj^aJLI OLJUjJf Jl rliaj Luia 







iaji^Ui aij 



Jn ^ L£ Jla ijUVI oliUI 



oliUI 
IiLsJIjtlli 



YT 
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JljiVuL^laliUI 



Yl 
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^f^UfJu*. 






Vo 






oU -^Vl Jjijj iL Ujk Jj 




Ji^l;, 



0* 



iju^ill uilll Jaj JjJaJI i_tlll Jaj 6JA kiaJI <Lli£ Jili j 
1 J-tal JaJj jUla iLjl fuj^oj Ij&Aj .4l» 2 Jj | ^flluuj 6j^wi 
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LUikg^^LJt^Mi 



ilu^l Je Ulijjal yill otaOll life £ city fJ Jb ,) j j*SU IsiU 

.Lilfil^fljSjSlj 







tiLill j» idlj£ ^ 



jits (J yillj <Ull j}£ iJ-Vl ^y >> 



v\ 
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t^L*-!' 


s-jv^ai 


OjtViJi 


I^A-aJiiJlS Y_J — A i— » 


(IjLaylaJl 


j.jJlui 


Olj^ 1 


^Ja^U 


l^u. 



OUUI JU-4 &>j 4l*P &Sj ufci lij jlj-**!! j* i* u> v»iii a^Ji Jj**Jl j 
l^ &>j flijVlj u^bU vjvijll j^b ^tlll ^i> f U& ^ yjr^ 1 ^ W 

.jljs^l LjJl^-j jJI oUill il»y Lp^ jU&L L^jjU *LS ,y 01^*1 jj 






L^iJl 




■J.--- iMJt,.v,H>;.:-^V.IT'.-.". .cfifei 

- ■■■.' ■• ■JU.ifc'.>r. , t.-r.-i«'. »*■.■. 



»Jl* ot /wj . i~*L»Ml <JU^t; /»Lill -uS^c 
ju Jjuj N »Jj>~\j *1^>j L^ J5U Oli 

(Central Processing Unit *j jS^I i^Uil 
Jj .^~*£Jl Sly iltc ^ jJl - CPU) 

M** J"^>- J (Data)oU'LJl iSy- 

5Jb-jJl oi* J^" . (Processing)U-Ull 

oUUjJIj />La!1_j oUjLJ.1 *Sj>- ,j~~£ 

i«jwu> ^ykj , *JuJj| 4,Jt k' .llj oLJ-l 

JSLi jc UAjJ jJI Ml oUJUl" 

J* ijSJll iJr-Uil !Jb-j JUiOj 

0^^ J *Jj jidl oUJuJlj cjL«jJL«il 

«j>jj» JjS'li l>»j tijjjj,*^!! SjS'IjlJI -^ 

5^1 jj (Read - Only Memory - ROM) 

(Random Access Memory ■ n^ljn 

Ijs* J Itslyai L^i Jki JjMl .RAM) 



YV 
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1 ->' 




^JJaJl v_ — s« I4L.U j^C CjUjLw 
<pL» jj^wfcS^il ^^w^j villi Jl isUil 

oJijJ Lfu^ «Lcl — ll oJla . (Clock) 

oLaJ ila-»ljj 5Jl>-ljJI vTjUUjJI 

Vjj^i^l oljljjl ^j i (Buses) 
jJj-j^SCJI oU_^U Jajy ,^Jl (Circuits) 

«£ — i -uJil lgLt£ l£ j>-")i\ JinJL l^iuu 

^ oUUJlj oUJucJl L^k...<lji J.5.V.J 

JJUJLS' . yj-*£Jl J>-la jstT Jl jlSU 

JUo^U (Ports) JLiLi yjj^Jl ^-wJtj 

^ ^Jlj (Output) ^y-Nlj (input) 

•j< v ,.A:t Ol^j j . M .a. x ll wi<u jl Jp 

. (Control) ^Jj. jbl viUi Jl «Lil 

(I/O gV'Vlj jUaVi iJb-j ^ JjVl 

oUj^^SUl j Jbj-y U ULpjController) 

oJJil J ji^-J j*jrf I4U-S-. jJl 

oUL*Jl J_^ jl ijSjil U-Uil 
i/IJW ^iUl ^JjJI ^ 5^-j iJlsJlj 



yj (Direct Memory Access - DMA) 
iifljD Sj^li Ju Sj-IL. oVLojI Oy^j 

JJU* j& 4j>-jv>- OUjJjW y_y. -V a53l 

^>J JKJl ^ Lyili jrl^-Mlj JUoVl 
. «f'j» SjS'liJ 

oJLA AjjS^ll 4J-UII SJL>-j r-j>U— j JlSj 
i=UUJll J>-i -yi J^ >iij J oUUl 

Jjjl^I oU-LcJl Jl buL.1 .iUij 

JkLito-'tfl jSLc, ^ iS^lJUl J -b,>JLl 

ik-l^ UL-jl j\ SjSlJJl J U.U.I ^Jl^ 

i/US J> jl^ jl ^i^l juiu 

OuUaJl Jl jl 1 l,ij>- ^y*J *JLJ>\ 

ji*\jk Jl jlf>- Jl j\ , ksidi iUal 

J**i J' t>l i vjy 1 * J"*-"-! f M*' ^A*" J-*^ 

. iijjt* ipd J 



Y^ 



YA 
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: M 



&*j. 



■&.&■. /,:■ 







5>#i 



(Babbage's Analytical (^ULj) fo J .»l-*m -^V 1 

.(Ufi) Machine) 



<JJ] ai n i j-i'l ^c "jlnilijjl <Qjl •jjjs j {T^ J*uJ o^ fJ 

atjc -JjJaJI i>j oi<i*i II ^>a i_ijfJI (jlS . I jjSxj jiSl ts^i.1 

J I aljx" Jj "jjLuoJI liLianJI (jj ia.lj ^_jlj£jLja*j'5(l 

■ Jt.AI.I .-.I «■!«*. Jl I. ill*... I Sot fU-»J <».Ij3JI (>» "tfiM CjjSjj 

j£l .»lfil ja*HI gJyJll jjjaxolll _yii ilVI ii* iTiloa. dljjj 

^1 ^yjSjj.JJ"/! ^'i.n Jj->*n.l,l t^n ,-iU-> j*a*l\ Ai'j olilial 

._>Uai .ill J I J i <lj i ii (jlS I j. ni 1 



(\A\ •) (Hollerith Tabulator) iujV>» u»jfc« 



r li Vt Cjd&jj ill n ft i ^i <L^"aJ,l OuLlajJlj J^a". *j^' ■ ■■■* "Jl 
jlS . ^ A^ • »lr. " J&Ill oLl'i/jJI tjlfLui eLuaa.1 J Cmji* inlj 
5jjL_>4^ Sjl Jjiiil l^jj jjjj <_jj*uJI ujj "aJJjujjjI <JVI »Ij" 
."^l... (_jill A*jJI (Jl Lf^a JS Joij <La"j-o CiIj&Ilu *Xui L hj "llllift 

. nj-ic "jjVI 



(mn)(ENiAC)dwijj}Au>s 

(Prosper Eckeii; cjjSjI jjj-ujj <ui«» .^jjj&JI jjj^oS JjI 
I jl^a. j,ISj . LiliLuij <**U i> (John Mauchly) J£y> j^j 
lulill i^ £-». <jUc * • • • jUJl Jjt IjjU oaljc'iH jj»1« 

"..,.l~l l .iV*!/! Icjjji i.i'in < aJ) JjLoj "hjjji ^j Sja-I^JI 

*JVI r lj3 ^ISj .nil JiT j^-JI J "jiljlU Ljl^JI iuS^lSaJ.! 

cJlLj il"^ ' iXbAJ (J4^a ■ * • ■*• » * 4 ' i n" ft ^jio V^ 4 * * * 

. Lujji Ijla \ X V ia.LuuUi cJla.lj lit V • Ifjjj 





(Wit) (Harvard Mark 1) « ^ d,U JjlijU fimU 



, jjlijU "jl.U. ,> .(Howard Aiken) .^1 jjl>* I^juj-o 

oliLkJI 1 Jjjij JjJl". yJbj <ljll .,jj .tfln "S!>ii £* ilHjJuii"!/Lj 

illSij ."jjlja. LjIS <U1 "Jajjiljj gjlliJI *£.Lla *■*-"' ■ "*J *Jj3lil 

5**uij i_j>uaj r jl»j )»; J^a J-JjV I "jjLuisJI ol jlft'l " jVJ^j 

j - -~ iiUi»t S ' "ijaju "jil mi. II Jjl JjJI J jla -j iJJJSj 

ika^a -.K.T. jjj (bjl^^A "j^. 1 ' 1 ^.'* *Jl liulS Ifil fijj ."UiliJI 

jii J*j . ( _jjjjjll , i( I jjjjjjSJI jj>jJo Jtjrf o| jSj j ?J i "J O 

. jliol Y.J l^UjjIj IjjLa > Jlja. IfJjla 
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*4A->| 


tjJV^^i 


v_T_>\iVlJl 


l(J*_»Ji_jLd < _j__& Lla 


OLi^kli 


J^'L^Sl 


Cjb*J-Ji 


i^-L^I 


*-i-WI. 



ojlil J J?*ljrJl jji (■/'t^ icj-IJJ Jsdill li* J ajI^J IjIj~a5sJI olijM &U*« Ax^-I_/ JjL-JI J-A«Jl 
. ,^M-j lf«£*; olijlvll oJL* iS^P (jo*-,* Jb-lj pUaj J "CjlJjX) i~ik£ **»■£$ jjj»~»£JI 



?j$tfl<Wj frljAyl&d** 



| j^aU-| LaJI 







n 



L lf«lf« (J Jjj jl « tU'rin V J J*lli , Juidlj r j^l Qu faiLllj 

Cilulu 4fc)aa-« l^jp Clljj Ml] jl iLih'ini" injlj^ll ($1 .Jj 

Ujl( ^jjuaSlI jlil f Ijijj ,W^s Joijjj jj j jj.aSJl tyftjjj Ouluj 

«-o Jjjjj *i Jilj ill Jh'j^' Jt}>U 4jjua1 illSj j l^^uS »1 liioa.ijj 

ol" Jl Jloj jS J^iil .hj^"JI J ff*W u' i* J*l) jl)^ 

J4j fLaiJI iltij j ifjl (jla. j ■ > )kuii IllAj ^.Duj V j3j jkui¥l 

lulu JjjL ijifij jt JL V U Jl Jiaj ,U <jSj!j <la»j Alhjj Jil 

pljLl Cljill iliW fubjjj <jSI ^ (ju IjJ.tyt rjl^u '''■■' 

LtiS jl jiljl lj .<Ui SLaJI UluL plfulj OljiL jidlj *JiUalj 

Jj^Ull JUJI ujUx j* Ujlilcl ^ai !aLJ,l kjoIjoII aja Ji« 

.J (pljJI j Sjuxll Cjlipj jl »ij OuI^a'SII frlii (Jjlji jlajl |J 
, tyaji olljJ OjuJj 4-iitil« Ci'jbi 

(Input)JlijVI : Ja.l>. iilj Jl jJjj«SJI >l jI ju-SLj 
Jiai 111! yku .(Output) £lja.¥lj (Processing) UJUIj 
Jjj*j iSjjla j l^JUu jkii dui i<luLt (Data)illlu jjjjjioSII Jl 

,<iuu JJJllJ Jl Jtajii] 
oUjlxil jLjlt jou ,ill» guLUI C,U^ Jlij^l 6jfa.ll 

CiujWL liljB <G5jll jjjiiAll SjSIj Jiiiijj .j*jiia\II ijjI^JIj 

(jaj«J ^IjiVI S)fil jl Cfi j iSaJUJll iiidt Jili j n-oljJIj 

illjiajjiVIS <fa.jla. jj)ij Sjfa.1 Oajj CiVLaJI (jA*j ^j .kjLuJI 

l] iLjIa Ciljlil tjiji CiLjLdL Jilwu jL 111 uuu •UajjuiVlj 

Ljj uu l^JU Sjfa.VI 6JA jlluj .Ciliit ZiA Jtj iujpSJI ij^ua 

j| jjJaL*) jjjiiaSII jl idlj iLu rl-^-Vlj Jlij^l Sjf^l »lfo 

tijll SjSI j]l Jl IflSjjj tljkuiVI Jt <t)iail CiLajkLI njjijj 

Jt 4aJU,l Kjtu i JjOa. j» ijili *J Jjj iaJlxLI liW iLuV 

.l^kSjltVLyuljUl^Vl 

.Cil^lLuJI jji J4 Ojula <t^Aaj j» Im. rMjii\ (jlGj 

,ffili Jt^ j (jjiVljlj Jja.1^1 CiLmIjqII 
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3ojljj aUjI 4joA J*J liajjji JS (j* 



»Jaj 



E-^J 



.LAjI 



?■>.!! ill 4A>.j J I i&uLj^S j^jS Uj^jj 

<juU>»JI jupyJI j^»JJ .IflaJlxl <JJS>1I 
I'Kiia Ifljlr (3^°^ "4jLP"* ilfiLuil ,Ji 

j>«jll l±U Si jl yJ JS JjJJJ .HClljljlJ 

(DIP .j.rJI ij.jjjj.1 SjpjJI liVljJj 

***>» ueJ 11 *- 11 j^j J*- Switches) 

. Uhjoui Cit-4-a.j (Jl iijlj^ill Jil lAi'ill 



(j£ "CjUiis oltjoJJ i_llU"l"l ,jjJl aLuiSVI 

JU.jl Ujjc (kli ylll isliil L«l 

*j2& jjjjjnSn < j-a CjLjLlijI J7l,^i.lj 
>oVI iJljSj jU^sJ' "K^ J* Iau^ 
■("•Us fJJ yJJ^'J J' if^ulL 
jl^aJI "tajJ (j i» i iVi" dllj i_ula. Jl 
<J)Ua ^jMi n ft ^A „>^l Lu-uAij 'j ■ J *"" h 

jUOjl Jjj&J (QJo^uI^j *jj <jjU^S 

■j n*n ii « iilj jLjj J I i_jjljjll 

Jc oUjLdL SjSI jjl juljjii Ui"it\j 

5>»>i.lj i£iujJI ,_* <Luljj alSjl Sjjjl^s 
Jaia, AJJJ . ^ul^^S qI*i*> i ft JSjui Ji 
ijjjjjlic jl . iiijus (jSLal iJ Cil'i-t iftll ai* 



•jIjjxcSJI j iujj^lVI ^.IjUl 
JliuujSJI £-L3 jjfcu jlj-aJI jjJJ I »'^~ « 
^jL^SJI jLlJIj <3j j Ifiljtl SjJaJll 
Joa-uj j-lajjVlj jitj jl LjKift 6^ulLiJ 

J ciUI c&f^L. J I 1%*I J^ ^ulS 

iuu jljlAl JS £_aj Ujic .SjjJ.jJI ILiliJI 
SjjJu CjIj <uuj^£ <dLdoj JtLuujSJI 
6JA -(<l£*-a v^IjAj j^I) 4jjuu> <biljj$S 
j JaaJI Sjjjjj />^t" <Lolalji,l .-■l.~.'.ll 
dljlj-li f.\ h'i't l (jjuajj jjj_u^JI 
Lo^uijII JjOaJI Iftilrv* ^Jfij <uLj^ll 
Jaju (>o jjSI C^ULull uaJtJ £l J*. .1^1 
4J*ji ,jj»j iuLj^UI Cili rtl'll l ,jj Ja.lj 
t>a*J J*C (>.' l A"l Ja.1 jj JSjill Ij^j 



J $****** J^ii'Mt* J$*4M±* ' J$»diM«* 

ss>/ «i>/ «*>/ «4>/ 



11 




I^H^^HH^^^Sffi^ 


^^^mm 




**\*o 


.-■:5» ; P.;i-*; - ■- ■'■' feffisaiite:;, 'ten-. 


y^tBKHBanHBft 









<u jSjU «JU4I 



.^UojVI J*a2j iljljUl <aJL^oJI j£ 
iajj j fcjla <jjS>ll iaJUil Sasy 
gJUj> ^1 .gJLto jjSj-o yj*) ijlfaJI 
iliJ j .jj^ixoSJI Ci hlnf , <Ua.JJ ijjPf jA-kad 
JiS ^ l| | i rtii* t> *.'*».' ^uLu JS ^jl 
JiS ^o liLuwIj) iTjSjil 4aJUJ.I Sjaj 
.Ujoijj |kljul JjS (iijJj <~H«« Sjaj 
(3 ji.1 ,(UJj _ r vaic dUfi dlj Jl ULal 

,> SjjI^JI ^jjjJI jjuuj ylll jjjIjSJI 



&* S4^g. njM |J^| 



<Jjj-uj (g\ lOljIjUml iil^Mj JjLoj Lo J I 
Jjl lft"M jl <Ajl J OJUAJLUJ Jx Jj-^'*. 'I 
(juatVI (j-a jruS (Jj . 4jttl i Al ^°IjJ 
JLjjjIj 7T niiij »jJjj> jtfa. J I rlj^-J 

. ■ &3L4JI .lajLsb _>j£ I fl ■»^1*\j CiUjJjJ.1 

jLfaJL l^Jajj aJJ Sj4a.*i(l 4Jjk ^l a ^ j 
■ 6^Ju (^ ill J ^SjJjjxoSJI ^lln'ill jjjjUaiVI 
•Ujj^jSj'^I jjj^mSJI iLl_jSj Ji [5jla-j 
yA US jUaJI *a.jJ Jx iijollj 



L.LJ 



Ul ,^-JI 



tj-aill liA £* jijll ^^j 

jjjjxoSJI Jjlij Jc <a-uilj SjSi ^ku 

g^jj ,jlS Lilj , -GUUtj <GljjSu>j ^-^1^ iftll 

I4J IniuaJ.1 S^JJI ^uluIj Ujljty <JVI 
■OfjSjJIj |>jn i <i"il l i* n-> , ,jj SwLa-lj y^j 
jA Lo J*J fJJ Lja^ C^J*J l* 1 " Ciljiaxllj 
^ujLUI iUvjJ Jli^j .a-uj^I Ijjl J (jltxo 
■jl3>llj .JiUJiOll jl cliLuJI JlijV 



L-aj OuLkllj (LiLill) tf^iiiJI 

Jx Jli rti'i i u ^U ^jljoa^JjAiJI jjlliiiujJI 






j^^tiidfdt 



'wmm 




rr 



VY 
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flu JtliiJl Luju VL» Liu t»L« j* pj* ijiJi f«M' f^ ^ 
Uakua jli*i (Printer) lulUI JjUj.jleJI^jiUil 

1,.,.^ liju, <bjy&ll oljUlj jl ^likusl Cy"» ^IjJ IjJ^a 



Jji-all jilfc Jc UjySe UiSj Uojij, US .j&flj i,^]| 

jl <lii,L>i jl iijL.1 jt jSKJI (Operating System) 

f l& JjL <kaJil 601 ,y *l&lj .klluU dluIwV &jU »^l j]l 

tluiL JJ£«£II JiiU AiUJJJJJJUylSlI j j^VI aU\ J.i.r.'.l l 

ju2 ^Ij jjjnuSlI I4J oivi mi j yillj yi ^taj ^1 jj^j 

illll £uu £ ill g-tlijjJli .jJjujSJI f* J^oijiJIj C)[ijbl\ Jli jl 

jjS ylllj jijrj^ l^J ^1 oUljJI Jl Jjli jt f-JaluiJ 

oUjLu Ul UU IjJJW 4ajffl fujllt Jt W* C\>ju> Jl IjiiL 

jit SjSjJJj flyU g»ljJI J Jt -{"Ilill <a*>l ^"IjJ <Hu-JI 

Cilatkll Jill *j2 Ciljljauil 4ilju 4kuljJ jij^uA)' dp' jl 

Ljil J Jyki. JL* J* CiWjLiVI iii Jibj -5JV1 Jl l|Jt tjiil 

J&w It.oUjlujICiljluij'l^Jt JauuuLuJjUlaVI j* Ifj&aJ 

4&U Uill i j»j IpJS ^ f^l » J»-j j£ :JaWI 

LSkUl ciLUllj oLUaJI ^ (Arithmetic Logic Unit) 

U .(JjiVI j6 » JaJj ifc- »y« j laLutull ok ^. LjSjll 

>»ljVI j£ ^ (iv ^li ^ wS J J J^ 1) 'J^ 1 e*W 
Cjibl uj5UI oUull JIKj <LUSj jl^ I »jl jV <*j5UI 

ju3 ylilj (Basic)4u«JI Ul ,>.) k»jjll iUJ tf j*Ij jyj 

ciiii Liu f i*ai o4 ^ ^ an-u v^i j^^ 

. (Text Editing)^i^j(Word Processing) 

Jijll jl UUil tfi ^jll jijJI 5-^j cP : lW 
j i^jiu au ^1 uLLJl {Sta 4j3b (Video Monitor) 
^ dli jl fj U ,>j*i Salt jyu^ll f jLj . Ijuj^ *jy* 

Ji j* 6JjJj Jl iiLiVL Qtilili 4aj <UI/>J alijl" jl ^^ 



ri 
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■ yjilljiiill JTlmiji 

SjaI j like £l 
CjUjit+Jjla 

jSsigi^aJ^ia 

.iajj^ujJa yj 
•L&laui (jU o*U 



S-*L>i — » 


S-J\Jl-*il 


0_,\1\1J1 


i(j*jj(JuT |_j A LLa 


iLLaJa-li 


ti-ufcLlSi 


C*»j»JlJi 


3 \n'W 


si.^.Jati 






j^^l^jlttl.JtiyjiJ! 



LaiJI 




Citull QjJjU (j^jllLilaluijijJIol^i^ijflJUjjli utull 

.l^iKLiJjbu ijjlj^li 

i><UjSjll <aJUll S JajulluLjitj.ljiiljLj^fi LJliJI^AiAo 

aliiiLill mLIuij j^ll liliSl jl ,jli Ul« 'tiuuoLtLuf It jluil <aj will 



I (SiliCOn) Uj ..'" JU J* <tjltaj!^ii(9 $Jtjj jjjjjjUI <aj ui 
j 'uilil i /i'i jt If&Lui JjjiiVj '/Lai liliaJj jJl^ila (jC Ifaa-a. Jijj 

(Integrated ^ilj^lll ffiwi ^Jswi j -jj jjH ^^ 
.SjjailtjJLtjjjVuAlljCircuit) 

Uililfllplj^^jLtajVIS-^uill JijjSjSjja^SjU^iliJIj 
fij>o' OjJ'^ljJ^JI JSll'iaJLojUiOJi j^LuijilK jljll Qfti.uJialjC 
JJik-juiLol .(uljiiill l^li jliAJylJI LikJI (jjSll^UjijLui^jjIja, 
itiilliJ^ilijle jlkiiJl'lltjiAlliejini ti/s'i jtikij.t.ll jtlijXIl 

.(Semiconductor) 

»lL^U\^^^^^^^(lngot)i^i<«jiiAij (T jJi; 

j^li^l (^lAuu^ji^UjLiuujIjjjJJI luil <LuiIjj (Wafers) 
juljjjl^^dljaju. »L -^1141311 l^ksuyilljl^l 

Ciljl Jl AoAj ajj Lujaj , Jiulill yjjj xJLal I jluiV "UjLo JjJ Jj iilixl 
, (Chip) iajjoip ju^ ttlijll Jfi U^il 

JSj. UjIsj <lulo Sjjjt^ J Ciljl illl (j* Jj)N I Cille "IaJjji JS ijAiOJJj 

^L-^jjkjUj (Resistor) (yli*:^ UUjvalk fiili^^Sjl j 

Ijoi.lj.lfKjjiuLj^l cilia-ill ^(Capacitor) jil^l ^l 

jLslliai jui^jjLiuLi^ill , (Transistor) j^jJljill ,^% 

tJA.4jjliill Lai^l jjjjuAII Wi^iHsj^l Jjljjj Lo <iliil jl <iuuijj 

.(MemoryCdO^lj^jLuil^jlLlijSiU^lyJiill 
JLiJt^L^JjIjjta^Uj^JSIjljcil^j^lcillSj 
ol^jil^l jt oajtl ^ (Vaccum Tubes) . <c> ouIjI 

<iK Jil aLy^NI J».tf All -^11 .pi jill jl fe*lll iljUl l^ilj 

jiiojltl Lalja.j , UjjjjjSIj fcilill 6 JJ>It IjJjS J I liLi,% LsA-^ual j 

Jl)^^l i yloillJiAaL(pljju^lj^i!j ; ^L^jA^l»j5ja.j 

. diij^^uuj (joLii JS Jjliia j jJjawSlI fciajtfAII ^aajilljjjjAsSII 

,> JVI 4J»J CiIuumIII JjIjI j^jJjUiSJIijSli^jJi^a. jj 



ro 
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,> iljSil (jijJI iiiUj jujlill <a.jK 4wUI ,> (/JjlaJI *j?JI 



V 



; jjUI u&U ciUJI uilji (Clock Chip) fcUli iajjui * 

JI (£JJJ CiLiii UyJ ^ iuli iLuL j^ jufJ ylllj JtluujS itU jC 

,<julill |j« MJ» 



Ja*J <JlS jjIju CiliLu CuL Y8"\ ,j)a, Jfi Sjjli ^Aj iplji SjSlj. T 

.LiiiUI 
>j di (uf> (Control Decoder) j^l d&luU. V 

jjSlI <Laio Ciljki JI Ljittjy «M)l SjSI J j tjiill tiLuLull 
.iilull <UjUaJI SjJkjll (jol itjfio 

lili Sljlj ,iJ»ill LjLaJI oU*JIj mSj Utait £uL"ia »■!*}- i 
iljSjll *aJWI iJaj jiljll i) La Uklll LjLoJI Sja.jJlj jt»j&\ 

ijjjljill (j^ ^^luJll JtuaJ^JI ,j* <*JaL UjjiiJI JifiJ fclui. t 

j i^jll tfa.% oMI JjH ^Sllj gl^l J*tfl »a*j- 1 



^j^ij*^j*j**i 



iuLj^ll Cil jLiVI JilJ 5ji.Uu o}L>)* ,> (jjk lMI yJJJ^k jUsLi 

^1 fcjjlll jt^l |> ijiuaJ jlLVI J-Lj .Iffllj iu -^ir^ 

liikj^ill tjjt uojj 0^' J^ J Lf*V l) iliJ Jjill iluull Jt n' i m* 

LSj jl Ljja, JL& Citu iulu JS) IL \ ' Y I ,>>auj «^Jj» SjSl J. ^ 

fijll pi Binary Digit ,>Bit LJSj .Ulfill l^sjl jij^l Ul j 

j LSIj Ulta j <jj^j iLuLu jt Sjlifc jt SjSlill tJA (yJ^I 



Jt £\jjj Jj i JaJj kj>i J jjjju£1I CilJjS* ma* » jlc wlaJ II 

Jc < Jjill jJjjU^U .! JJail LpiJaj <ajj*i JSJ iu* ijuljii 5 Jt 

4juuiL (j! tfa. i3 irul^u <JjjJ uii^i jt JL V L (JAuaJj i JUI Juu 

6JA fiiiaii lijit .Sjalj <ajj" Jc JjllajJI M^a. fc»^J uuaJI 

LKJI juljxull 6Ji Ju ><bj>u j£ J«IS jjjuaL <Auil <aj_>JuJl 

UjHI Cili^yi jiuj CiIjLuJIj JlLjJI AJfa.1 j ililj^ JaUuu 

.uUVIj 

Uj^uiI GjOi l^uu y* (Sj^t^ljjJLuill lau j^ill nit jl 

4 .^jjluul^UJi^Lp^ySlI TM1000 
Lpl jl (IisjjIj <Laa! Iflj cil'ijtjiiill o*J)^ JuajJI 

.jjj^H "LuiUiVI jvoLuJI UAO,' waj <3JJU J3I 

pU jij .oIjVjj Itfjjuj V -yuiu dljll^Lu culSj 

oliukUlj cljLJI ciL^lj JtlL. J*£lj 
^ pill ^ i^Jlj Ji ^ JSlfllj lljiil 

»LiL ilku <u^t tiajj ,j* Ollil j i 




TV 



VA 
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cUulL J»fi&jj iJ>U 5*lji SjSI J ROM Chips jkjj jiljui « 

Jc Jm kaI^aII t jjk ailS Uj . lul J Sj^jkj j jiuJll dial Jul l«j5UI 
rJUII kuji «kJjJ "ill Ifl^ljS (£u "i till lyiuin'i jk juljill Jt 

,lJJ5 > |jiiS^lJl^jlLJijl^^ylu'llL«SjLj,l 

Erasable Programable — Read — Only j> jjjjI ^IjJi * 

<LU l^Ui »ljJ jV jij Memory — EPROM Chips 

lijjill oLuIjjII jjuxi jl liujail 5 Jt ISjt jijj lu 5o«yill SjW 

yjl j L^ .jljji iuji! Itti ^*jRAM Chips ^ jilju * 

glUll jl Ulb I & JfeS Ifclt ijjjil OHUI ^1 iua-lau IKj tflji 

Jl 5 JjJa> oIjIjj Jijl J jwj -i!*" tk fl"V Ifcll ^ jii*ll 

JILI jlj Li .1«SK* »«»» J>K) *-tfJ*U c&UI j*l JK f Ij ijfli 



aljLMl in > JjSj (Interface Chips) LkJI gSlji&ll $ 

|i_jl|| fliUj oil U) jtjlil l^ljJ jjjtfuill lf«ji UIA fcj J| 
Jtyl Jt ,ji>; oliUj Jl <Lyll oljliV I H! Jj£ US . (o,U 

Juyll <La jul^ill 6 Ji OilS Uj .{. lijl jl jjal ijtJio j (tiLidl) 

,5j1uJ| julyijl ^ul l^jk jll»l jjSI jl tjijk £*j 
^j (Microprocessor Chip) ijjSjil JaJbdl Sjaj iajjw « 

Jt Jaju .Jj (JijiuSII Jl <LuJLi [Llll jl <JJ-"^I 4flaJI oliu 

Jt »Il ciLojUl <*M tyilll LlUlj JjjLjaJI ciljljill JS jj^ 

j iuuuj ! jjta j iiu JiuJI IJA .'jSlill <aJJ" j <Jj}ail £*'j*l' 
iLj aljlj LjSjll iaJWI Sjsj ,>ijJ Li -^"M luLuJI SjsljII 
C jijj Ja,ji ^lll CitUI i*ul Ijy* i3 iLjJ j£i iiU^J Ijlifc ftjj 

jjl Jjl* jA lU <it iJaji (j J jlju^ll jl Jl Ijtjj .<ajj«ll o* 

Lliai ijaj Jt jlLi liili (Microcomputer) j^ju^* 

.(jLiigiuy^j^iiiu^-Ai 




i^HSSSSSSSH^SHaswc^as 



TA 
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S-*Ui— I" 


fc.JV.' «u 


^fc^i 


"(JiLuiJur T_j 4> Lla 


oLsjJaJi 


ci-ukLLli 


CibUJ' 


3 la'Al 


*-£AM. 



liU Jpj vJJb lij i^ill ^Jl> ^j j Ujls (jj . dJUi j ^.IjJl jjij «JLp &>j &£ 
jjz&l bcMsM j»J> i jfcui tfll Lit .ttaJLI CL^I ^.Ijill ^ dUi ^ ^ 



j-UJI|(UkJ!:V > j^ill til 



*jLJI Avail I 




Li jjjJi«Sll JJ JiJjUl S JUa.jll iilll <JVI Sjiui illS j-^ Juai Jilj 
Jl iajsjj Cilil JyaJ Wilj Jj3j jjaua&l JilsJ Cilil Cjj£uI Jii jVI 

,<1UcL ^LUI j* ^*ul Lj^ jt*> Jl tf 1 ,<1VI 5>Lil 

yJjll f LkUl Uj^ijaj JjVI itjiii JjLuiu jJJJAaSJI <il jt Luaj j 



tiiWI 6 ja jl .lilij gjiljJIj ciIjUI Ctt <5WI lL uu»UJI JiaiII J 

aJ L» Ifalfa (jjjj jl iiU'ii'i U ilaxil jlj irjjllj JmaJI |£j U^UIIj <*"il 
.<kij jl ^iolj U Ljjk J^jj aUjll JjL piljjj jjjuail] jiljJJ 
iJaj lillil .fsljJI 604 IfJ *fiu ijjxa til Jl rtaj jJjJioSJI jl Jt 

LIjIjI JiliJIj ^lijlj LJja.lj oUS JiJLj jc 5jLe ,yt *a-»j^lj *»«Li oL*J 

.iljjjjji«Sll »j J^oljill ja jLu'lll jlaj yS Lliu 5jtla-« 
UJa3 Jaaiuu SjJJ Ifaktlj CiIjjjjaoSII jjSI jL» iliUI gjjk jaj jaj 
UjJwJ.1 jjjj j3ulo *aJjJI CiLil jiu jl jktjj i6jS Vj LjJ Jja. V 5.1aL». 

jiSI ^k olilll .A* j^ jU .ill. <jjjJ£iVIS .tjJI clUII jjUj jIL 

,j;ljil JiL II f,jLa ij^aj jUa. jJjJuSJli 
iCtlafUli l^ll likil la Ijl ijjll Ji iajjjl CiliJ ja illi ijoll idllij 
^JJJ ilUIII 4J4 5LuiIjjj .(£ja.l j«J Sj^aI i ....I "I tljuilj i^ic 4c^£J,l 
,oULaa.VI <aJbuj uLaJIS .JUcVJ ■ >''■> »; »UII j* CiljJjaJjSlI 

jIjS Ikui'iy Jj LjLuijJ.1 olcULVIj olj^oVI jIj^oIj ciUtkU iuyfij 

. jjlllj ^lujII Clljlfl J LjUlUll 
tiilxll JjLuiaU JiaIj La L)iii ijilfll 6JA u&j ^ii !ja.lj til ,Kp Vj 

jalu Lp^ U^SI ...^11 (tft LvU»VI .Kill yjkil Gllij SjL=jJ tf >Vlj 

5ia.lj <ill VI u^U; ^ ^LVI £ua. j* jJjJAaSJI jl dlj .Sjilj Sjfill 

li* J jL tfillj (jiiiillj jijjll (Jjill) ySLj^l jLull Sii ^a. 
clJijjMSlli "yiLiill yiijll J.LUI ^ iUluJ.1 jLvij jLludVI VJ Lull 
jLfill jL iuJjUl J ^lUI jl ^Ljj^ jLu JLi Jc cliUI ^SJiJ ail, 

■ iljjj^ill LJIla yiLull ^Jjll jiLUI J«J U yiuJI <clUlj jLVI 

aJA <ui i-yL>JJ Jluu Ju ^yJiaS JS J ULj^ll oljUl -■-■-* jlj 

Sjlcl jiu ylllj LuLu ijiill ^aljVI ja SjJauaj iluu <C < jaaJ w Ciljljll 

.4itiJ.I tolfaj *LjSll ja jj>u*lll ^lall Ijl^ij Ijl^ IflljO' 

ia-iilj *i> (Machine Code) UVI s^ jl ^ 
jU-VIj jLuaVI ^iLo Lujj Jill j. altu LjiV iilLail ^ Lpli S^iUaj 

.jalyJI Jii Jl (jjjj La jKa j LUi. (^1 jlj 



jdUl^lfimi 



r^ 



^ajj laS ,j^ .clj^jjiaill ^ Ja«liiU ^jll ,,^1^11 ^ajjll »UiUI lal 
JJ JaLuj jl aakluu <Ujlo1I a j^i . Jaljllj jiuall Lai ,^u3j j£ ajLt iOluiI 
jyB ^1| CUiUl laliUI ILuJI Ljil LaS ,IU jl juaoa :iiiUI dUijill 



tduiLuiljJ (fjjiill illull Jot.'inij lullill ,^1 ."LuLma Ulul Sac JLii 
aij JS Iaaiij \> jJJI <uUI aUuJI li» .(jjijJI «jLoI JJt ^ijiajl 

. \ • aijll jt IjLuu jl Luju Ltful JL j liLiiJ jl SjLj ■ «l*»* 
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iiii 




JiLa, 


t 






j 


! ; 


1 - 
1 


( 


! i 

i > 


i 


i . 


i 



.(frit A ,i ,Y ,\) fjjl ,> .IjLl Y SjiJI Jl LjiJ.\ f.UjVL ^Ul fU 

u l Ui.j . tf>1 i»JI f lUI ^ l>-» ^jL^ ^iliill (AUDI J >J| u l Jia.il; 
r itui ^ y fjjii ji lil iju : ^ (jjii ji JLuoiiu j-vi iiUtf/.^iiiii 

^iili (Y SjJJI JI £. jlj.) ^HiJI f Uii|l J \ tfjL; «il JA=.>Ll liiU tf^iJI 
{jlaJI iia \jL*a ^in'tj Y juSjJI Cum ijl L^jLu ^ill ^ul^lt 4jlaJI ■-— " \ 

yjiiiii r umi ^ ^ • ^jtxj is^Aji r iiuii j y Ji jiii Jiwj .fcjiiii jjvi 

lj* U^*i ^ Jia-iUi Y (^jj&mJI fJ_>JI J I JSjjj aj . (5„>J&£ LH^Jj Ja-ljJ J**^) 
.«ajlill tliJI Oil >lj JjVI <1L5JI .iaJ \ j^iil Y ^Ul jl g^ ^ j \ 
^uili £ tfl Y SjUl Jl iiyij* Y y* altu <il JiiSlil i flj\ Jl Jffili fj 
dUlljJ liLbj .tulljlj JjVI CjGiLSJI CJ iji-y .GllSJI fcliJI iiai Ja-lj 

tf l A + Y w Ui ^^iJI fUHll $ \- ,JJI Jl J^ u l Jl 

.(W. + N.) 



j jjj JS lulscl Ijli Ijjjj .t»jtj jLill jja,j ^1 ULj^HI oljljll l^k 

.Ojlfi fUjl l|il ^ LiS I44* JiLull Lui.1 yiliill jwltUI j JLi. ua^alll 
liljLJIj iiikUl oliiijiJIj jajifiDI Jj >jiir>i »li;1ll nJlu V Ijj'li dl jjj 

JS lui jli .tfj^JI r lhill ^) JUI y* USj >V SI]SJI ^1 r llUll j 

^L Jl tiuu 4lip 6JJaj (ij/ilJI ^jj jJj JS ^jAj _ Digit) ^^luaI ^j 
jkllull ij Jalj (jjLu Aalj ^n^ ^' fA^' O^ -^^ If' *f»f"»VI aUjVI 
&S&, jl M^lj . \ ' ' 4lu3 i^ixual (jfjita jLuu Jl *lllij I jlj i(f^u>JI 
Ljjlili. j J±iuj jl ^iuj ilijVli toluuJI (juLiI jjA <LuuuJI Sjclill 

.lfa.jk jl Ifua. lili I jl SjJail 
Hfjjiill iLM J ijluoJI Jl <ili JS jli ^oSj <f>uj> "LI ljji.1 I jlj 

,Y <JU &jl\ yiliSJI yjjll f llull Ul .(i^ic) \ • ijL fijll SjLj ^ 
■icjijji V j' u"^ •((JJJj') ^ 'ji* fJj" SjLj ^jisj jLiJI Jl <ili JS jli 
l^ij I tf jU fY) j Y tfjU ('V) j .jll/tfjU (Y) >^ SjiJI Jl 



^jufi 



^ 



V 1 '- 


1 ' . 
1 


1 1." 


■;, ■( 


t > : 



A i\ A A 






11 



8P-'^'':i"'-i-v".! r 



'ii^R 



2 pi^|^> ; 'i h ; :^-: :|'M*# : ::; y 



1 



■*• Bft^!^^ivfeS'' , »?^^!^ 





ijjJ* Jl ^jlii ,> U3j J^ ^,1 Ijjjl lil :,jlli3 Jl tfjJi* t>« JiJ>» 1| l 
jjIj jl cJIj jl (jIIjj lil) jlj fi Y SjilU ^jjj^ j»Sj jjSI <!• C-''* 3 ^^ 
•CA>'"-t' f*J J^ '^°J "lj»b CJlA* fj'j J^ t"»JJ -f^j" Jl*"*«l J**- 

liii ^llil ^3j Jl tjjuijjl ^Uull j tY jjjjl Jjaj ,jl iiji Ljl ui>iil 
jjSI .jl Ji=.Mi» t Y fj^JI Jl -ij^xy y" JjUL ^^.1 fUyltU "^iil ^ ^jj 
Oaj \ J JJij if|> (YY ijl) jjjll Id* j-jtu Ltjje jijL . YY ,j* f>\, 

Y tjlll Jl £jiy> f4j JfSI <i* C->^ f^ ^ ^ ^" u *.'.'' <j**y\ fluJI i3 <ijli 
Jlli cis»j ^iuj 4a.jJ«li A ^ijJI 4jl Jia.Mii .jjj UJ \ \ . ««m Jj£ ^« 
,(OLwJ ^J»J S"\ fjjl <lli CiaJ Ijito U«-uij Ji jjSi u l Ju) lijUlll 
IjjLlaj) Y ula. ■'*•*'"■ d^l » A^aji Y <ld r v >liui T l*n n l Jbl*j A r".j]aj jj' J*J 
uajj r^lul uu .UAjjai ^ AJ^II N ^>Aj JUaa^II |j4 r^«j Aj f i uUw Ofihj 
J ^ * N • % ^ Jl iY tfjjjJI (JjJI ■ya.i'jllijj .fluJI J S tli iaj \ 

.^l^JI flliUI 
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4= 



HH 



^ 









\ (jjLu (jjUill »Uull i 






i$yMt 



+ 



.diUJI 



M 



-' «;„•, .■'*vW'.'"".lKP('ji(';*'.if 



■■■■ ^-^-B^ ■* jKsm : <*' 



s.' !. 
K'S'i' 



\i ■' ■ ... .1 






v<: ■•'•■ 






** 



VM 



t** Jrf-^ ^ ^ lP 

JluiJll JUjSj-fclll 

J/ill'jj— Jl ^ .jUJI 

.jsSi.U = "\ + \ 

ji La£ Ja.lj]1 JSiij <JJLoill 

>«») \- = \ + s 

J .-JUjI Jjftlll fUlAJ 

jM + \ yililll Jjlji 
Lilian (Jaljj ji^a) ^ ' 
\ ^ tjl JjiiJ.1 Ja.1^11 -ull 

!^uJi <4=J ^ ill ^ ,jjjji 

^lull JjJaJI £*=. "Lilac ij 
■ Uf^AjJI fUiill Jl .«ailS 



j#»ffi: , 'r , :i!i'H'i. - "(7 J '.'>s-'.a-'iK':>' 



."iGHggt' 



.!..'.!*\^7 Tires: 






2 
4 
8 

32 

64 

■tH 128 

238 



y.i.i'. i.. '.rudi.^.Li.iu ai.u i. i..ij i i.i i .i .iii .■j.j i. Mi: 



jLi *il , lJi>lj U*Ji jJj ^liJI AP^f JbJj Jjff jfi i JijUt JJUl; Jj^ll ykj ij-oUl Uj . Ujl' 

.ji^Jl frl^l Ail ,AJ iUUJl ikJl JbJl \>cA\ ^ ^jjk* (jjSi ^Jf 




Vj WiJI Vj y^l 5U .jklSjVI t- J- 1 ^ 1 J.'-*""" 111 <> o 1 ^ 
oULuJ.1 i_iUua>."5l dJjS . "Ujj ^a ,jSjwi rj^J' "^j £**■" 



(jill SaoSjJI Sjjlilll 4jJJ JimtlL <uiUu^I f.l»Jl ilia. 
. jjjji All 1() i> b K"nn 



(aiuaj jjLJI ^i) 



<SV*K 



dJc ^juuil A-lajj jl JXJ (3 (jilt 

Jl 

•UAjjIjaJI Lai . <{jjJaJI J^Lu-iUjJI 

Zlj*** (j^-i (Algorithm) 

jJb Jj^a^o^jJ.1 *LwJuj La Jjlj . ^IjIo-aJI 
Jc.1^5 ,Jij p-olj^ J I <JLuu iJS JtjJAJ 

.oi^Llji 



< , Sr, V 

i . Jg|>5WCStf-UiJ3>if. 



i * ■ , * 

5:^ c 













, ! -fc!» 



f 









IV 
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S-»U— II 


tfc JVr-U 


djViViJl 


iti«-»ji_lur i j), *> L_a 


(jLjyloJl 


j-fcUai 


cibU_Ji 


,3 WW 


a > un 



Jp i*jli!l iljjJl 4*1)1 (^j** p^i if «ifi-j V jjjjf*^l i)f i-i/ b-ji JjUl J-*w)l j 

(.UillL f U&i I li iJjlij . 4*, Jiulll & OUVI j& SIT ijLi, U,L»li 4 j^lall ^Uiill 

jol^ll j L/j i^bill j^ 1 flkll -jp jip^ci ,jwlkl j^j« J*"H '■*» Jj i& /*" 

o^AfJ Ict^J &J ■M^b /^l irtLcJ ^f i^slill »lkll JlkJ ( y-^ Ol?l>M 0U& 



£>f M$ ^Uf git LUI •. r/>*«*4.f **i ^ liJi Ju^y l 



f lkUl j I Ja.lj Luu^l Uij jli tuiS Jljill Jftj-.yllill yjjll f lUl 
ylljilll lUalll j Luiaf iUjl 4»jj! JUl (Jjiit £uill 

.(UTxVxUU), 

»i A^"i Ifuu. Ifj^ Iflinlliri^ j Jjiuu <wij]| hioji\ 4 JA >ju& 
juLuil jjljjxll Uajl uu. J L )iiLu'lll <Lu2 jl JjVlnyUJxiiLijI (juii^J 

JtJLj iWill flijVI Jjt Jj^(U j! A jl Y jl \ • jl£l pI^u, " f lUI 

,UI J^ji^aJI jklijVI 644 Jjt j£j jl j£ f Uu J£ j SOaUll CililaJI 
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,<L JVI Lilu jl jjiilj JUl <JUjl jl CuL till ,> jltli <il dJj ykii 
tiiuu i^juc, Jlku CuLul jj« jjSI CjIjajj (jajjAill ruuu ol '/yinS dliij 

>J jl J*lj (SJ-t fJjjl Ji.lj Jja) S Ja.lj SjLi {jl tilt \ = CilL A 

•(M» 
.SjLiWi = (cuL^)cl\ = Ci;L\'Yi 

.SjU\-Yl"> = (cuLUL*) f.1 = A\"> 

.SjLi \ ' Yi = (cuhljua.) f\ = x\ • • • 



.aLjWI JjLUjjLdl ^U f UU r l l^k Jlti W3UI .b .cVUVI 

fUjIllj taajVI Jj>sJI Jull Ly*)! flijjfl Ojhjiil *1WI lii ua.>u 
LfuU Jlj ilijl i^Layi ^Aj .CiljJJjiJJiSlI J ilnilnill ijjllijllj j^ojlj 

$ujii ^uuii ^ dijj yfiaii ^-J f ikui" j ifj <|jui f UjVi c*j.j 

(ASCII-American Standard" tySJn aLyWI JjU jjUil ySj^l 
Code for Information Interchange) 



jMi^m 



Y &,U oUI JU\ >jll ^l Jl Ijtl oUI <ilL5 Uttll j^ll fLu 

^l ukLuu tilS JJc. jij .jlitalj jLV titLs LjSjj Y<>"\ j^I A SjilJ kji^ 

UjVL&il j Ij lnt' i mi Jj1\ j^>llj aUjVIj LjaaVI (JjipJI M»a. ,jt 4j jou 

(J* <ljHI Ljliill j^sjll juL l&kj . Ljj^ll nCiljlul Mil l^lt jUu yjJIj 

j Ja*Iuij jl ,jtu ylll (ilijlllj i_i>a.VI «J*aJ hui ajij nitu, l«i 



16 


1 


10 


2 




Hex 


Oclil 


Decimal Binary 


ASCII 


18 


030 


024 


00011000 


CAN 


19 


031 


025 


0001 loot 


EM 


IA 


032 


026 


000110)0 


SUB 


IB 


033 


027 


00011011 


ESC 


IC 


034 


028 


00011100 


FS 


ID 


035 


029 


0001 1101 


GS 


IE 


036 


030 


00011110 


RS 


IF 


037 


031 


00011111 


US 


20 


040 


032 


OOIOOOOO 


space 


21 


041 


033 


00100001 


1 


22 


042 


034 


00100010 


II 


23 


043 


035 


00100011 


# 


24 


044 


036 


00100100 


i 


25 


045 


037 


00100101 


<Vb 


26 


046 


038 


OOlpOllO 


& 


27 


047 


039 


00100111 


• 


28 


OSO 


040 


00101000 


( 


29 


051 


041 


00101001 


) 


2A 


052 


042 


00101010 


* 


2B 


053 


043 


00101011 


+ 


2C 


054 


044 


00101100 




2D 


055 


045 


00101101 


. 


2E 


056 


046 


00101 110 




2F 


057 


047 


00101111 


/ 


30 


060 


048 


OOIIOOOO 





31 


061 


049 


00110001 


1 


32 


062 


050 


OOIIOOIO 


2 


33 


063 


051 


001 1001 1 


3 



16 
Hex 


8 

Octal 


10 2 
Decimal Binary 


ASCII 


00 
01 
02 
03 


000 
001 
002 
003 


000 
001 
002 
003 


00000000 
00000001 
00000010 
00000011 


NUL 
SOH 
STX 
ETX 


04 
05 
06 
07 


004 
005 
006 
007 


004 
005 
006 
007 


00000100 
00000101 
00000110 
00000111 


EOT 
ENQ 
ACK 
BEL 


08 
09 
OA 
OB 


010 
Oil 
012 
013 


008 
009 
010 

on 


00001000 
00001001 
00001010 
00001011 


BS 
HT 
LF 
VT 


OC 
OD 
OE 
OF 


014 
015 
016 
017 


012 
013 
014 
015 


00001 100 
0OOOIIO1 
00001110 
00001111 


FF 
CR 
SO 
SI 


10 
II 
12 
13 


020 
021 
022 
023 


016 
017 
018 
019 


0O01O0O0 
00010001 
00010010 
0001001 1 


DLE 
DC1 
DC2 
DC3 


14 
15 
16 

17 


024 
025 
026 
027 


020 
021 
022 
023 


00010100 
00010101 
00010110 
000101 11 


DC4 
NAK 

SYN 
ETB 



oV 
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16 


8 


10 


2 




Hex 


Oclal 


Decimal Binary 


ASCII 


5C 


134 


092 


0101 1100 




5D 


135 


093 


0101 1101 


! 


5E 


136 


094 


0101 11 10 


1 


5F 


137 


095 


0101 1111 





60 


140 


096 


01100000 




61 


141 


097 


01100001 


B 


62 


142 


098 


01100010 


b 


63 


143 


099 


01100011 


c 


64 


144 


100 


01100100 


d 


65 


145 


101 


01100101 


c 


66 


146 


102 


01100110 


r 


67 


147 


103 


01 1001 II 


t 


68 


150 


104 


01101000 


h 


69 


151 


105 


01101001 


i 


6A 


152 


106 


01 101010 


J 


6B 


153 


107 


01 10101 1 


k 


6C 


154 


108 


01101100 


1 


6D 


155 


109 


01101101 


m 


6E 


156 


110 


01 101110 


n 


6F 


157 


111 


01 101111 





70 


160 


112 


01110000 


p 


71 


161 


113 


01110001 


q 


72 


162 


114 


01110010 


r 


73 


163 


115 


01110011 


s 


74 


164 


116 


01110100 


t 


75 


165 


117 


on ioioi 


u 


76 


166 


118 


01110110 


V 


77 


167 


119 


01110111 


w 


78 


170 


120 


□ HI 1000 


X 


79 


171 


121 


01111001 


y 


7A 


172 


122 


01 11 1010 


z 


7B 


173 


123 


01 1 1 101 1 


< 


7C 


174 


124 


0II1I100 


1 


7D 


175 


125 


01111101 


} 


7E 


176 


126 


01111110 


vm 


7F 


177 


127 


01111111 


DEL 





16 


8 


10 


2 




Hen 


Octal 


Decline 


Binary 


ASCII 


34 


064 


052 


001 10100 


4 


35 


065 


053 


Ml 10101 


s 


36 


066 


054 


00110110 


6 


37 


067 


055 


0011011 1 


7 


38 


070 


056 


00111000 


8 


39 


071 


057 


00*1 1 1 00 1 


9 


3A 


072 


058 


ooinoin 




3B 


07 J 


059 


0011 ion 


; 


3C 


074 


060 


00111100 


< 


3D 


075 


061 


001 1 1 101 


= 


3E 


076 


062 


win no 


> 


3F 


077 


063 


001 11111 


1 


40 


100 


064 


01000000 


® 


41 


101 


065 


OIOOOOOI 


A 


42 


102 


066 


01000010 


B 


43 


103 


067 


oioooon 


c 


44 


104 


068 


OIOOOIOO 


D 


45 


105 


069 


01000101 


E 


46 


106 


070 


01000110 


F 


47 


107 


071 


010001 II 


G 


48 


110 


072 


01001000 


H 


49 


III 


073 


01001001 


1 


4A 


u: 


074 


01001010 


J 


4B 


113 


075 


0100101 1 


K 


4C 


114 


076 


01001100 


L 


4D 


115 


077 


01001 101 


M 


4E 


116 


078 


oioonio 


N 


4F 


117 


079 


01001 III 





50 


120 


080 


01010000 


p 


51 


121 


081 


01010001 


Q 


52 


122 


0B2 


OIOIOOIO 


R 


53 


123 


083 


0101001 1 


s 


54 


124 


084 


01010100 


T 


55 


125 


085 


01010101 


u 


56 


126 


086 


01010110 


V 


57 


127 


087 


010101 1 1 


w 


58 


130 


088 


0101IOOO 


X 


59 


131 


089 


0101 1001 


Y 


5A 


132 


090 


01011010 


z 


5B 


133 


091 


0101 1011 


I 



DC1 = direct control 1 


NUL - null 




DC2 = direct control 2 


SOH = start of heading 




DC3 = direct control 3 


STX = start of text 




DC4 = direct control 4 


ETX = endoftext 




NAK = negative acknowledge 


EOT = end of transmission 




SYN = synchronous idle 


ENQ = enquiry 




ETB = end transmission block 


ACK = acknowledge 


J*m& 


CAN = cancel 


BEL = bell 


EM = end of medium 


BS = backspace 


i*J« 


SUB = substitute 


HT = horizontal tab 


I ESC = escape 


LF = line feed 




I FS = form separator 


VT = vertical tab 




I GS = group separator 


FF = form feed 




I RS = record separator 


CR = carriage return 




1 US = unit separator 


SO = shift out 




1 SP = space 


SI = shift in 

DLE = data link escape 





oA 
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t-*L*-Ji 


aJvi^i 


^laiulji 


\J*-»)t-kJ V_j & Lla 


iLLijJaJi 


J.ufcVJ^I 


Ob*-*-}' 


3,wm 


4 ' ;jhi 



i_JU- ,_/»•/« J^"JI l>i* Jj . »jjL« -Aplji J}U- ,y jjjP -jp l^oj jl $j j! lU>*jl li/- j*£ 

.jjj^l j Cikllj iuLi-l oGu*JI ^Lf 



i\4ito«fi» »fc4i 



y^p jliJl J.yaiJl 




«W 



» 



iUaaJll <> jjIju (fill i^jajll ijloill fUai f^lj «JjJ EJ$»» i/-^^' 1 fJWI 

jlj^SJI Jl Jjjkll ^ U+JI 



(jliu tsill (Boolean Algebra) J^JI ja=JL Jsj^*J.I c$>JI 

il fl'UA j\ t (|"-> i^i CjLuI o^-u (jjJI liljLudl (^1 ..-.I ..^.jill 

:iHJ JjJI j^aJI j i^UVI oLi«JI fjtl 
CJ JJIj j^Jl ^jfl ^j .(NOT) V .(OR) j| ,(AND) j 

lj-ui*J £-« j>*jj|j fktijlM 5ijlilj Jj ioj-uiJIj ujj^Allj 

. (jAjuJI 

L. JjaJ! j^=JI (3 ^ iitiJI cLL*JI 6 A» Jl &L^I 
jjIju ^aj (Logic Gates) iULUI oUjaIIh _j l-s^xJ 
i JjSU'iU liliLSUI (jjjkSi Cgejp p-"-»j "Lulii ciLLu 

jwl jins ■ JJLxa f.1 ^^iifl ,V <J juLi .Uaa. (J jua 

.oa-lj 

4i»3jJI ^j^^l Cti\ JjJI uijJI ^lujS Jl liiac I jU 
jtJu^sj l^ili J^jJI jkUll ,_ , . . i a j jul^l l([- ln ,A" Jli\ 
<aiLJ,|j <jjLu«JI oLjIulIL jlLHI Jl. SjjlS <jSL'.. CjLIjj 



oA 
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iiajjjjl **UI (jt _>j*3 ^jillj Sji-iJll ijijjjSJVI oL-aoill 
■Jjjjin^ll Ijn.l^'niM jJiJI ijjliSJI 

ciU4>S JSji i) (Input) «Ja,l j» JaK iiiklo LIjj JSj 
^ , I .ia.1 j (Logical Output) IjSU'm « £jli-» j.u^j < liku 

jUjiJI I JJi . u riiVifl jl Jit ^jIj^ JJjS JUl Ja ftjj Jj 
:<jjtjj| "Lulilll CjLuu^jJI (j-o Lit Jlaj ,jl ^jWinn JTjUJI 

> fVi ^siaii JjM J^ J^ 1 J^ J* J **l» <ji 

oIjLJI tjAxj ob L^ .IjSU'iii ^tta Ji.1 Jl o^ I jl JbJU 

Jaii till j J*& jl JjJsiuuj jL\ Jl jS>o (> JSJJJ (jl jSju 
JkUILjlaa. £o«a. Jc £lA SjLil J <jIjj ,_ji£u Uiia. 

.l|j iiualll 

j' j...<l l Ji.| J oUJjuJIj CjIjLuJI &ja. jkJiJJ i> L}i£«J 



<U>) 



LAjJLl CiliJI fjxiyJI 

! SjolaJI 1*1 . iZiul^^JI 
LIjj Jloli lilAill <aiuoll i^ 

: flV"j ■^'■•Hr r ' ~J. Jajlg ft .ll 
: fjjLyWI ,> <fji*** 
1 iljjiMijlljllI J~=y l*«fr* J 
.; <« J,l SjUl oLiji* ySU 

! p- l * J* t A ) S _) ) *l * ** " 4JaA!ul 

; .oljlil j>5 



0) rw" 

,> LJI. JS.IJI. fr-fr OA l-d* "» ^*» ^^ , ^ ^ J V U 



1 3*>r 
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M wm it) ■ ■ 

^^(^^^^W^Kf^lU^^^^ ■■■' ■'■'"■ v' : « 

TO*^*/ : i":;--.' , -V/:^r#f-.": , '\V'i/iS«™i 1 «-i , : , ' i . ■•■; :>/•■■. -., 









OR 




111111 



OR 

41 






CD p— jJi 

^W UiU -J 'E^ 1 JiJ-^ Sjll a, <~.lj ^ ^ Jti J* i.,^, l^L 

LrtU y* **•*■* ^Ij; JS-i3J jl j j ciLIjj £. jl cLIjj g^jj L. Ulij 
<=JU jJUiJ ^liUlj (Not Or^l NOR) jT V j (Not AND Jl NAND)|j V 
.LSjSupjl gililll ^ fi ^j j| / j jtljj'^^j j^iJi 



;$^i|$;'^i 




ffl'K ".■&,-, '•'■l.VV.'v... 



^'^'i , ''K , .' , 'S' 1 "" 

;fc i;■^^.•■. , ■:■. , ■ 



m^m^c ■■>/;■ :-:-.,v ■■ 



ft.., ; i; .■:,'.'■}.; 
, f |,'-,M*>'.:-l.# 














1 







If) AulJI 

jSSI JJ3 ol • j c.L.1^ JjL j* ,5^,1^ ^Ulj j| oLIj, JL*, .5UI i ^ 

■jl Jl SjLilll fr ^ M Ol j* .lo^lj UjU. Ill j^ V t^j CjJilj ,> 
' tfj™ t 3 ^ J^ J< **U: a' J**-* f-ull UUh liti .Uj JJI . ,1 ^l,, 
^lj.^^1 J~i JiUI <>U1 Ja.lj.ilS I jl i^MpLi^JA 

ijkui u^ %^i ji ^aaii ^ j, ^ (^ J- ^ w , 

.Us*. ■J..I jjl, £e ^. ^ UjIc ^j, 



AN 
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(jjj Ujjj ^jJI SjL&VI jj-oll (£ji.Vlj S.ia.lj>JI "UIjjJI 

Ad'tj'Siti 
l.ilj. jLlIJI In .» tj^Sj ^lH ilLsJI ^ J=>ii jLill jj>*»J *^M-» 

(Emitter) i»e.UI ^ jljiJI jj>«u Jj^L ,> objl-ujiljill 
(^QjLjill j^jl^o jI v> aLliiI <?j'*'H ujS-y .(Collector) ^* a l ,lj 

.Sjlill j^-J*- 1 <J' *el# 
j,i.||...ll Jloj i^jv j c<ul^j|j jIjUI .^ia/ill <juUI l&ajj 



*.» Ut V &f**-t *tos-* 



. <dUcL iUall <u£kill cjLjIjJI 
• r * " • • 

Uj-^l ciIjjSLo Sat (>o i»3kiJ.I JjI^jjJI iJJtJjj 

^L^JI jLuJI j^^oj Jx. Sjjlill Utw jl JaJia (juLul 

.•Lilijl jl 

CiljjloujiljjJI (jli V £,.$i (>> "LiI^JaII CiilS I JU 

jLjjJI (jJJj ^Aj CJIj <*i»*j puw l )l«?" *%!^»J S'*"- 

i^H&nJLj (jii»Jlj (SjS jLj Jl "(Jj^aJy ilia < tii^l l 

.•dijxj a»j jLjjJI JLujI SjIhIj 

LoAJa.1 J-SL'il 1 <l»|jjU £# <u ft ■ rt" j< irij 6UJ1 a-uj_>Jlj 
JjwOJJ uiuSj Ja.1 lIII (ja ^tUam <jljill J JJJ ' ij^ (jl^JJ 




J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„l.' 1 1. 1 l .l .lll .'.l., i|. '. II l.l.Tl 




t-*u— »' 


fcJVl^l 


djtViJl 


i(i*-»jciJ |_j — 4 Lla 


OL^kJl 


c)_Jh\_^l 


obUJi 


£_UXl 


A. ^_i»l| 



Aj^il 4^>U- Sjj*^j Lv)jpj ^jJjj*»^ll jkdl ^ jj^ull rJ U^iL> JjLJI (Luill J 
jkll r-jii «_jIj J^oill I i» Jj . L^«*wijj I^Jup £ijSj ilskil oUjJIj JJjJl jJ^-l 



t ^>jhi sfHaJfrat j^ c^i j^ji 



(jl *» n ii iu hJjJjGJ] (jj JjIIjj <u . <UjLiiJI «_tL=>JI CjuJlaJU 

^lll 4jitr>*ill A_o!jaJI £aUIjj^ Uj'ni ,Uiii>VI fjiJIj 

jl^Jalj <(1jUjIjj (Digits) i^jiji.al C*J^fj g"? f ■ l~~ • ■■" 



iQbr^jriuj 



»_ol s jau ajjjI l(|jlr ( 3Uolj (jjJIj «Lij|jj£j}f I CjIjUI (j* C^Jp 

J*. (Full-Adders) LJS j-«lj=o (Half-Adders) 3ii.,Vi 




OR. 






£JL> 



I 









\ jdj (UajJI 





"VT 



T pi, fuyJI 
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::i — 



— r * ct-v 
2 i r l Si tE,» 

"* « O B . •' ,ft *£ 

St ,r hFI'Ei 





in;-* 






f o 
t w c 

o a s= r 

'El <° *£= (T- 

r 









it in? 



tK 

i 












no 



M 
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■ oiVm LiLljfS UaJ}£ jjju ,^111 iJMmjVI Jluii JjdUiVI 

1a£ ijjSI jl (j\J_>a.l (^LijIj^j JI Lo ij^l J jj-o JjljJl juHll 

. JjjjiVLi 



-«l3jl (5j^j yjJI gn^ II Ci nUr 

^J 3 tf^ J, ^' JliXI J .*tl^>a 
IISIlu* Ciljaj iilS j CiIjIjjJI 

lUJjJiiJylin Jlflijlj 
JLlII (JuJUJI) ijeilll i'-u-jll 

, I f ■"*■< 

ilS gJlxii JA^ll S J^jll ui 
:1l<lijll f .li J 1lljJiUl f l3jl 
iai. JI 6JJJJ jiJ (£Jllj \ fJjJI 



VN Lh° J* jjtj^Jki" (V j\) yUuyJI 
i-^S /jU-nijj J> J V J jl *j'jJ (J» 

ijUaJj u« jljlll JL>*; J*^l 5: j.*"" 

fi>ll jl IjIjj jjjJ . JjVI J SjIjjj 
.jAlo ^jaiVI j^mIS j ilj; JI \ 
JI jitaJI o^* V 5jIjj JjJJ j5j> 
,> SLi ^Unll 1 jj. fiiL tf JJIj \ 
LIjj ii ilil J IjfifiJ jl *j'-M 
^J \ £a^JU a JA I'.jl— "» Ljlall j 

KUJti JjLuJI £^L?-JI Lai 

1 «j>l f»~ l In int'i cilelj^fl 



UJr 



U I Jfl-jj . <3jLuj «ul oj» I iluaj < jd Ja^ iJtj 



J=>ij JjVI (SOodtV I) dliUJI j f-oaJI Jn j-»32j LjJ 



^j 



Cg-aSj li J^Uaj (jl « m") 



1 o* 

5aKJI f-ol^l <jLs JjlSiL. 

(j* J^i jlS* (51 1^ «Lll at" , 1 11 V j^Bm La (Jiajjj (jrtjjjjjol 

■ <IimIiii1I 
jjlll "UiklLI j^aLuiil J.I-> n Oa.lj (3*^ lilLkA %laja Vj 

JjiiiaJ iilliu CjLujjj dLjJi Jj cviljl jJI iJJl JSjluj 

^IjMJ UjI j jsj iialS jl IjIjj ^,1 jS JlL jjj^Jlj) .cAjIjJI 

Lpl Jl l_>Jii ,jiu<aj j^U- (> <u,jJJUll jiLjJ.1 ^Ljt <5illj 

(jjSLj Lsjic JaSi \ jt ji*« (jiLi.! jJI (jjSj Lo jjt jSua jjju 

jJju ^lll «jt <LIjj 5^ 'JaaJI ii>"jJj <(jSJ. ^ d)di.l jJI Ja.1 
(jjSj Lojic ^ LajI yia*J < ^ djjii.1 ill Ja.1 (j$£j Lajjt \ 

jklkiJI J ^.n> ij.lor.'L^I ^ LaS jifaa jjujJj i ^ ^iU.!aJI 

-■I 'Ij'H ftLljIi.! (£jll i_ujjjJI 1'ijt-inj jjl yi^ "Lit ^-flljJIj 

»in^ ^Ij^V JLaJI ^A'Sn ._iiii-v lilJjj j9n4 jt ^ »\>JI 

S. jlLI I i.SL'.l lj J ,, l . ..^ I I i.UJ.1 

fju»J\j Y\ <*i^ Jx ylu>-iltl(Yj\) )<5iliJI fj^Jlj 

Sjn'nU CilUlmA.ll ^IjjI U.imI C^jj{6Ljj1j^ill| (V)' 

ySJI diUVI >«JI iykLlI jLsj . I AjiG LjiStj cLIjaU 

r jjj ^i 




(QLi ijli. <QIa. 

4 2 1 





"U 
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£^L4-J< 


sJv^ai 


OjtVlJl 


?ti«^»ji_ijj V_j di LLu 


CliylaJl 


ti-jh'L^ii 


.ob^JJ 


3 b'Ai 


A_jLiill 



i*il yt tj ttf »j C-U o0*p £*} ^Jl j^ of j^ll JJ L. J*uJl J li/i 

i ^^ijuj l^siJj' jy^lj j>lijVl iJjUl liUiSj JU-iJlj ij^Ij r^kJlj **>iD Ji*x«J 

C"»i iJj^ j^ 1 ^ ^ !£ ' «V^ 0UJJI1 *il»-j JJjJI jjJL| J^p &J, b-^j 

Jj . £J>U Ui, i>«^ li| 0j£ Of J^i ^11 oljUl ^f &kll ol^ill ^ J*uSllj 

• ^ |>l> j*^ J* -uaiadl oll^All U-Uw Is ili/i jw J-^ill IJLa 



v/^L-jr^fji^i 



^ gQi J^ji 







Ufl illi V olUU. . I jlj« Li> LS , .!*>; ylUSJI ^ju^IV 1 fUvill j 

fci'Mii a jl « jli» »l r jaLm LI Lfllja.1 ■ «l*-" j Lukj jjjiiAll l» j -i JjLuj 
. njita ^1 Ja.lj» jl «"!/ »l sJJi jl «U»i, J 

• Uaa. A.1 ?UA „."m ht^ J n j t j LJLi djjoLjJJ CjIua till JUo JaluJI Jj js L ji*i 
' <"•»'' JiJJ ^ ($1 .Juuj Ja. Jajj Vj *ltli *1 J~j».» <Uxajill jjSj Lli 
Ul ,jj» JlloJIj .ILL jjj Vj jua-ua ^Ljl CilS Vj .Hoi. ■ '■-' Vj jui^a 

.jiuSjl ^ LI (jl i<ll±£ jl iijiio 

I jlj Ja.lj 1£Lm3 jl Jjil lilli iaja^o ijj^ill jl SjLjJI jj£i Ujki dial 
rn-ikj t Uli jl lll5 I jl Jlil.1 Juiu Jcj .jiia l^looJ jl Jjiii CijU. ^IS 

Lxijill si* ojK Uj . Jaj pUI = 1 : Jj Lu dl J jt jLu jl Mt-vVi 
. \ = 1 : Jllll JLill Jt iuijill ^ lilli ,'lil" jljjA »UI J ,jt i> ; » ■*■ 

jiu^lja.ijlii^jjr ABji'v a-j^v \ jl u^ jl yLi;] 

. Jjui^I gJill = i_i :Jj Uj SjUaJI 60A jt jLu iijjijil JilU jl li!5 I jlj 

,^ua = wj : Jtll JLill Jx l^jjjj LiU I-v^.^^r iiiijill jji oilS Uj 

V jllajS Ijjit jjSl JIllLj jiuo = u j \ =1 jtiiua^ liijj jjSj Ujkj 

.jkallj Jiljll :L^JillS 

Jjill IU (.J ju^^ Ja : JtUI JI^JI CJ k; J.LVI Jl ikj- li.jE I jlj 

J* *^ iA) •^ j, ' u v^ji jva jijUJi li* js* j! • jj*"' gJSJij yisj »uii ju 

. \ iJjaJI jjSj jt ^ijjj (u.l) iajjil SjLill 6 ji JU 4iji , rt '■»;*■'■ Ji 

iP^J -J^ 6 = V'' U^ U^! -J^ = O j^ ^ = 1 j' Cja- j <il J>*J liiSJj 

,4a-ia_Laj\A ^ii^^l jl dlj 

" ill . * " " * " 

4jjLajiJI 6Jjk u jjIsIaIII Vlaj lll_>ijj <jli (1 _^alfi lllijl I jl lilSlj 
<_lljaj r j^lj i^UjLlJI ujj jl »■!«*■■■■'■ Ujlt i«l"» ■ Sj^loj tujil 

I jl ijLjJIs Jiji ii i u jl 1 l)UjIj*II (JJa.1 CuK I jj Jjil ?ijiS r ■ 

Jlilj ,«>liaJI (^Jjj! Uai*i Ij^ujI ^IjJI jl LkjeUI jlS lj|» illo <Vj^.> 

.^iklil Jiklll LuJj 1/Uj jip jl jli 

(Inclusive »iWJI jl, tjk'jlk; ^ J/UI . jl j. jLji Jliij 

UaIiK jl CjGjUJI j« tjl jK I jli .c^jljt Juaj j« l"i<«j (jjilj OR) 

jl \ = o ^1 \ = I jlS I jl \ = a jl 1 jli I J&Aj i~_...» SjLJJIi l^^.^ 

•a+li : JUJI JLill Jc' a jtl ulSl JjJI ^=JI j . \ = UjIS 

.[oLu-aLjll J jjlj fjfiu Lfl <5ilt "11114 + SjLiljl 

(Exclusive «Sji*LaJI jl, _j jj^l ^jlll & jl j. ^sISJI ^jUI Uj 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



>^ 






->§ + :£ -{Jp 



tLxuoJI Jj^ 



dft 


1 


* + *-y« 














1 


1 


1 





1 


1 


1 


1 



jlki jl j^oilli idlil t> &JL ,>Sillj jjua Jl Jaljll Jpj ^1 iyll jl JjjaJ 

5jjJ£ CiVU. dliij .(juliJI CiVUa.1 <a*oJI Jjja. Ojjjjj .ImSUII 'j l^k 

Ijl Ol JjSi ilUI 6 JA j .I4LIL L JJ L iiJij jilt Jl iaAaJI l^jj Ll£ 

U* >jJIj Ja.ljll jl Jl Ijlil lji*a (j jU: J lJ iwj 1 jli \ = 1 OllS 

jL Jjill Uj^in jl£ IjLicllil.lafj J»bu]l rjimM jl'ti n ,nll jlluill 

jujuc L&AulSj .uulaj (jiiiJ tul (jL Jjill K i%ni (jialb jli «hjlaj *UIb 



**l 



IjkSjf-O 



<fo 



j^kluI 



JLuaSVI Jblli 




-> j-tja 



jlannll Jj^ 



j ■.'.'■' 


\T 





1 


1 









Jilj r^'-'-jj< (Relay) Ja.j* jt j*jju Uj$r. Jjl j yijJI will* 

JUIU^jl^^jfLuj^llfiaAyjla-JI cJlJ^jl jJj.CJuiillS 

", (ENIAC) «JUI» j^j^ijl jK jU . JJJl *IIjj jc .iaJI Jl .SjljaJl 

i_oiljVI ja Itjliall 43V1 <Aj SjjS uuu SjLjjuw Sjlja. jljJ tjj^yjjaS Jjl ^j 



j S^uoUl jl J^aI^j ,u © ] : JtUI JLill Jc cLbu ^SJj OR ) 

. bu jljJjVI V i^jiiffl Jaii ^J^' O* »J*'j »jlj* Ifc^ uljS" (j^l iVlsJI 
jlkj jl guuj uilll Jin'mi'i SjAVI OJA . V Li^J clllA jl J J v-ula Jl 

.«j^« v u^>'"» ji fi« ji"V»jA jwi ^1 in. jjsi .ijiiui v i^k 

J jviiai I J« «5jiii <3j>ij l^llu ^j ill iJjaJL iLilill V Jl j*£J 
i ^ i r t j i rt jlll fjiujll t>o*J J! j^l J2"H> 

jl^j:^ jkljjJ^jWsjj^c^l^Jl^pjpJjf-yl 1 

jLjJaj jjjiiJIillliA jlJuJcj.opJlMjI^aJliiyJij il j cijLu jWI iLuai 

uJ^i j' tf*A; <5^ ^*** o'i^' uj^j ^* J> jW f ^° J^; u^ ■k>^ i o'j^" 

Iftl^ UjLu jij jliliS JLojl LS !ilaSj jit ju Oljj dllij . ^ = J j \ = K 

jj>B oVUlil ^ Ui .(j*i jliij J j p jlilj Lo jk, <jl (^1 . j. £ = i^u 

?jl>JI 

■o'ilUa.'jII jo^jj (Truth Table) i-.mll Jjaaj Jj^lLI 6 lijl JjjjJIj 

, <UiLjpJI Sjjoll i-iiSjj a_vai_>JI nxajj US 



§ Jiljj Nrt, 



^j 



8 



■(HfCK< 



Ji^liJjiJ 



-o- 








>a-8-«^ 



<Cao^JI Jj>^ 



• 


* 


■ ■*••-.«■ : 














1 





1 








1 


1 


1 



Ujit UuJL j»iLi jl jl<J liui jl ill JJ J*£ iLjla jui (Y) fjj ajuljll 

■ '■VI «*■■«■ I juj 4&±oll JjJa. jli 'JD^J • ^ -J i&jl-'-uA La-A^ jl U jl I j)£ 



^ll ^ H*r» 



■o 



-o- 









■VA 
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(Electromechanical 
Relay Switch) 




aHlji. (Mark l ) ,\ JjU. JL_ JjVI ^a cAj^a M ^\ 

^ l u««^J»*J!ttiAji J * J ^aji J i i s |J K ll j l ^^| J 

<~«J iMejtfll JjU dli, Ifci JUI JU J* j^JJjiVI Jjkll 

.jUlj^jUl 

t^" ^v"'*'*"""* J-^^b"^ Relay J^l 



illS jii dlj jjj . jl^L cj IjI!j j,Kll jujjj ^ jK ill Lvjj JI ii.jL\ 

oVIjjjj^LifljAJI JajJij. Oji* ?a.jj £\ JJ tCj5 *i>ll Sjlja 

j^JI <Lij yij .clj^jilj; l^k jlk. \Aj^ iUy> jl^ ,> ic.^ 

JmJJ *LU <S>^, »ljj LI l^i CwJ jl (Ulllj .Jill WLjj ^| tijik 
*i* .jUAua^l iu iljl J ^u± CJuij U I jl SLaJI £.1. jkjiS I^Jxaj U 

^(Switching) J^l jx 5^1 i^ ja^tu; j^^i 

jli l^i^a. jL* je !£i flktllj .faaJI Sju^a clj| j j ^ J ^ 

^pJlj . JULl, j3j^ ULjjSJI djl jl j£ ^ J ^^Uuu .Ijjili 
V iiij j Ou^Li Oku, cli^j iiji, Ljjin V, H A ,> Jto illS 

^ ^ <& ^j*sji jijiu iyi** Vj-v ji^ yUi at yj ijcai yi jjij 

jl tuii otyl j jjij, ,„UU i^j J ^ U* Ul^ V u^J 

»A* Ji. .^j>a j ^L uXJIj ,jLu Jl ililu, h>u±j ,> Jp2 

ill Jill tfl Lik ji- UJj* I^jjUI jUI ^ ait L| jjj V <]|jjl 

l^t^U IJAj.OiA.^UVja.JJjlji,* Jj.Ja.jj1 ,iULi 

UU. (^ (jjllj ,^1 iitijiii ^l ^ Ujj]. jjjJI ^jjIj^I 
.o* U5j^ isjJI jJui ji ejus j j"y jiii, ^i^ 
"iaijJiijtfisiij^wrjuiijjUj' 



(Mechanical Turn Switch) 







1^ 



*JjP-jill^ll y^ rJe M rfl Jj y^J ^^1 ^^| J^ J,^ ^ ^ 

J^i^.ju.,iUjj^u^iauijBijaM H uja^ a j l i^ 
c^ u ju:vi ^jul c« SjUl »U3i jj (auVi^ij ^^i ^j^, 

•^(JlajJiuJiij'jUjui 
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sjfciaii 



6*UI 




t^< 



frA-'SM '.".■■S":>l~ 1 -.U"v.-j-,i ■'■■.'.!■. 



!dl\) jUll c&jjm\ J**a d>3JI J! ojilllj iUy&NL ^jj Sxlill Jl 



(Planar Transistor) 



pj ft in" 1 1 lift jl iuXj ■ J-«-M Jl *i*y i> J^l jl>^ Sjfilill Jl <L»ja 
AjUll u wjli Jl Lua, OijjluujJIjUl CiIjjjiC jM^JJ r *'■" Kttuiil 

. o^jLJI 4m»AI «uaii 4a.jll j£ (Capacitor) JiSllj (Resistor) 




(Triode Electron Tube) 



j5j iii^sil ouiWlj jjji?i»ll jjill JjIjI j J,MJmllj * jlll lit uij£ 

biA (> ujMI f,jL jKj .JLlK j^uJI Jl djl y^l JjSlI oIjjjujSII jucl 

Jl <*aja ''" ■'■ <b>jp :JU1I jjfi I^Ur. Ialo L»t .jjjjxoSJI JaxI ujuIjVI 

L^auill aljjjSWI J^J .<jj£1I liijiil ?->ji.^ll ^aj .(Grid) 3%*ill 

^^,1.1 JUI (Cathode) jjSKll v ^l ^ ^lijtf I Jl *JUI »L^JL 

Lj JJU iaoius ^ » juaLI >ja.J>il (Anode) JjlVI ojjllj LjJju SjjaJJ J^ 
jlj JjJLuJI fL_^£JL ojjJVI ijiji *JJ In'uij .jjjJLI jljiU U nnj ijl Jl Lull 



j$jUUI Sjjjuij 



^...hl l 




hntA 



(Junction Transistor) 



jjulll jjkill |j£ Sj£i lJuJaJU La iljjUl "Us. Jt Ijn^l Jjjj V <H Ji J* 
Jliilj Jiljj Jjjls jc likij Jti. dlll-lill Melius <GiL (jjll 

j,ULu (Collector) pailj (Emitter) itUI .atiil I4SI jb fjSl 
^ Ijjja jijj yS gibus (Base) Sjtlsll Lot . cjIjjjjSJ"!! I ,> Ijj>o Ij^ 

( jjjlll ujlll) L^i <*i-\ in JiOJ Lujai .<j&)LI iliajiJI CibUU jl vjjiill 
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ZH'U-" 


fcJ^l 


vJljtVlJl 


i(j*j)»_ij T J> * l^a 


uili>kii 


J-jbLTJi 


■oO^'f 


^_uai 


l 'iMl 



fi " " d i 

itljJl l^i J«jo ^!l ii^l ^^J J^iUl lii Jj t AjJl juIju (^JUI «kJJ jji-jjJljJL 



^J jjluijjjljjjl L^jjjaj < _ s jJI jkjjjLa_>=JI 3jj£ (jl jkijj 
J£l ,jl£ <JUj JjU iwaijiH (ja i_iVI S_>Jlit Jc, A ^jjuj jjSj 
itli^a j <UjL«aj3l Sjjj JI Jjj gjjlsj <_sjLb .^jAill (j* 

.oIjjjjjjjJjIjjJI 
j-alj ^Jlj^UdujjjIjIj^JLc. ^Jjj, N'NOY pUJI jj 

i_i5SUi ^a .u^ii: j^^jjiljill ^Aa. JI (G.W.A. Dummer) 

pJc Ji ,jSj pj .j^jj-sI jvJlc jj Jjc jiaj <Laia. jjilj JJ&Allj 

• j-ol J 9" Jj 1 m iu 

(Jack St. Clair Kilby) ui JLiS ^JS oiU dU ^» fJUJI I ja 
\"\oA ^.It ,_yAi^ gjki.nl j2j ,<Cju«U. <>>jllJ rjij ^iJI 

■ »'*vU £_e jjluijjjljlil g^J (jl <ajaji,l SjIaII ■'••-_■ (jl 
'Oij j" mj jjljjjl <3 Sjjjj lj,t-» n I J, 1 11 4*1 «Lsjj_iiJ| Axi AjlSilj 
■Ujj Jaajl ,jSI jjj Jj-uuS (jjli) "t-ljlj <cljJui.l 1 "i 1 iij jSj 

1 1 fit J Jl sl^a.V! &iA uu. J-i^J (^ lg*S n j *i n ^ - *» H 
^yjJI JjVI SjJkl AAA ulnujlj .iilj"^ nj olljj. Jajij ,-£ (jiajJI 

. Jj)juj^ Jl JtiiJlj jJUJI L^ji ,jjjj 



fQtjfAii ;>>'^^i'j^i 



j^Hiil>lf tLf 



J j>UujJJ|jjJI ^ljli.1 fJjJJjl Jx. ^j tLcJt Gblj olliA 

s jo^°J' 3 Cg-o^JI Jl jL^jfll (>) j»Jtj .-■!•._.. ...~ 11 jiiji 
« j^j-i j^Jjn j (John Bardeen) ..(JjjjL (jj^-b (»Li jI 
(Walter Brattain) «^l^ jUIj, j (William Shockley) 

JjJ>i *jjLa> IjJLi J5j Sj jj , u JI Jj oljn^ n (3 (jjlnin IjjISj 

ji»j ^aji j^mjJI ui .1 ja j^tijikv ^^o■\ ^,1^ sij^iiii 

p.' " ' ^"' >*J ll)p IjJ a>i^>iil S Jjj-l* jji J Jjji jji.Lai sJkjyua 
l^ill jJl jSjjJj (jl Jt . \MV jklx. ^ylujj^iljlLI <L»-i^y 
. \ "\ • »l£ j ^'nio jjljjjl uu J --- '■ 
Jjj (JJ^jC ^Oi aJli. ^UaTLuil i^il'numA II ■ °.^"".- Jj 

^jj-a « c> uJjLj L> iujj| (juLuSjd SjjJi j joaj (Gordon Teal) 

(jt U^jt (JjSjLuuJI ,jj> g^j i'i i /in 1 Ul *i*l jjldu^Jp I jj 
, l^ajJI jjkjjl j.jjjLajaJI 




W13 






y\ 
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£»\ J jijiiiijaJI (j« dljJJ Ljjljj (jAtj JiM'iiii'i In'ij-^ I'l'iSlj 



i_i_u) *UiCi JjiJaj jjij-u^jiulj &1 jll (JjSjIljj 



Jili 

LajIj 4nKll jjaJI L^*^ ^}S^* '-"".'I (^-*J uAA""^ 



Lfl-ii jYi 1 11" CiujjjSJVI < miu (jmSjIjiiill (jj oLa.l,L i j. n 
Lui4 n_i3L&&JI 3 ^'^-J' jQ" ' "l 1 nil LoLoj ^JOajA Ciu^ui 

^1) «!.- i_il*-a» ajjiiVlj Ul j-« I nn i B Jj-oj (^1 (Butting) 

j^Aj-u^ilLj il aLI ^1 «(_>u— 1 i'l 1 on ,ja <Llio «j» (i_ia.j^ 

jiUal -jl .(Junction) jMS JLweuiM <JUli j^ (jj£u 
jl jLjjJI jjjj ts^JI ja «Jal3jJI Ioa jit i_jy3iJlj oLIjjjSLIV I 



?*-y$>£tf i 4.f*»ir 



(^tl-iU'ill jjjjjjjJjIjIII <Ljjj ; ud£ll oVI JjJI f IjjI Jbuuul 

•uoLuulj .(Diode) oUU.^II ^Lilll (Junction Transistor) 

hJSj <jjj1j Jij-o (j^-i (JSI^oJi ■ »' ■—*■' Lai . <GL_jjjj iJutJjiJj 
6 Jjt. II JSljjJI yu J&uij <LL>.jj {J eLij^ll Ljiojlia *^jJ 

.^U^Ij-LlUlS oL^jSil <JSJ1 Jjljxllj fy^Vlj ^UjJIS 

Ju <lSLjJt 1 Sip') jIjJ.1 ■ «j-^" SjjUJI i_s_i_Jill jj 

0£i Lplij^l ^ eL^I JB3 "if l*ll tf I <Jjl*JI jIjJJ 

» i U" 1 11" V (jj-i (JllJljj Lkljp J[»*- Siiij a jjii-tiujj <daxjjj 

I jl Lv&Jj .Laj* f I jK UL ySLij^l jLolJ i.Ui^VI 

> ii^'i 1 jl^jil 6 i* V^J"' li' «U3jJI ^C. jljil gau llia-jl 

^1 Doping) p.LajVl ^^,1 l^lc jlk> <oiot ilLxuljj <<J3ll)l 

ijil^jjl i, 01 i<-i'il p- ii n" L4jlc. (j--~~ ".■■-■ La SjLo 4aJLv« 

SjLo Jx. <£.L\jbaJI jjSjj (jlS .-■!*■ ■...~~ II _>^lji Aloj 

Jx, SjiljlJ.1 ^JjUnj'sll jljil JJC.1 Q-° J.'"*" tjjJI Uj^.'*.""^ 




JS i>i3 j oJljJI Uij^l 011^"!/ 1 
I4J SjjLjJ.Ij *iUj->U oljill m Sj J 

5j| lj ^ >Aa.JJ V <liXO <^LiojU dJ^j 1 1< . ^. a 



«y?3 r t±i=f?» (Jj^^dlB 



t \ J.I ui<..l;U..II J oUju^Jlll <> L^5U 

cil j oujl>&Wi kjaai La tilt ,jjiujjj9Ju 
3 Jl C^l ,jtS I jl '^Lij^JI jUJI 

.Ulwu'jlS I jl 4k 



j JaSi olijjSJI Giti J>a.j ^1 

Jl (^Jjj f-jjiiVI Sjil iiajliJI Sj^iiJI 

• fJJJl'iflj ^ljj,l ,jj<iliiiil| j ijjii j^Ji 

<Ua.jj C»l "i- > i h Jaaj vjjSjJI (jl Jl Ijkjj 

. olijjjSJ'jl I £J|_jji j^juSt <aJij Lfjli 

VY 
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(Diode OFF) &ti» 

^ul J-& ^ ft.i nft J I <Lft.i,ufl n AjS j Lluj 

qI'i->im1I vil j ijjSUIj UUJI al'i-» i"ll 

i'ij i^jIj ii iI I ^ jii i n aJ=iUj ,jc I J^u •Ua.jJ.I 












(Diode on) 



£.»<«• 4MJ. ft**® 



Jl t^Jjj (^iJI j*2\ .cjIjjjjSJI jj> < t« ^ j 



I njj f> J fc j j i o ilia. J I aLluxII Jj •«■"_■ 



. » Ui l a i II L*.^ fcL^j a aa 1 ^ « » I j.n. ■ 



vr 
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ttrft ^u jib 



A jjIUl l jLjllxgjI frl^iaJI &Luftl ,/ujj 

giij ^illj (QaAs) _j *4jL>aII (Gallium Arsenide) 

(j^j . JblluijVI jkjjij d^jljiln jj._jjJLi.il (jisua g-oj (jc, 
(j (JavII A-jJoXuuj SjljjJI AjLij (jl g»l""i 1 1,1 j <jl <Cljxa 
<fcjjjj (illjj I Jjrf SjjL^SJI <3LUI ^ Li J CjU>jJ Jk 



j c$ j ' <i< ciU.jj-u % 



iLcjjji j>a-i jlj i nil guLu £y» (jiS 

-.—^1 j r i JU3 j IjSj^jI frUU.II ,jl (Switching) JujjIJI 

JjJjjJI o^JJ La JSl^llI 6.1a jjj . <j_i.lU.II (3 Sjiljio 
j jjLaJjj V Cil jifl i^ Ji itinj LiL-a (jilLi. ££j 



«j — >j — v w j u "-wT 

<C^uu _£&& <CjdUi ,jj»j ,4jj111I ,jj qjjJjjj' J>* ^l^a>1 
■'•iSllllllll ,'vo «LC,j)j,io,U ^jil^lll i_iL-£»jl 



•UJ^ 



04 


c 




OH? 




OH 



o 



<i«WiMM^ O *"" 



O 



o 




jQ. 



I—" ffiimrr rum 



Cibij^iSJVi 

<lLuJIj«jJLu1I 
Ciljill j> ^aJ |j 

iiUj^sju ajj-tifiU 

,»] US JUa^l 
(jjlxlaS oils 
ftUuij^J £>iill 
JljlaJJLj.eUI 

tijiJI OJJ 
,-iJI (Subatomic) 

aUCsaoUl" 
iiUuijI CiLujipSbll 
Li^j Oil j^fllAJI 

* "i «*r> jijjLjj 

Lu JsJiaJI SJjfuu 

oUjjJSJVl J*W 

LjiS^a. 3 £ jLuiSJ 

.kjlxLUjI y* Jouij (J 

J I Jtajj^UJI 
Ui4fi Uit CaLCjui 
JoJ_ji J| t ii^Vnl 



VI 
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fr^M 


tfcJ^-t' 


CljtllJl 


»ti*jjijur \ j—& Li* 


CiU^JaJl 


J-ufcLUi 


Ob 1 -^ 1 


^3—^Jll 


a ' ;»i 



jUl ilill ijji-jjJljUl illlJl JaP &^>j £Sli)l oljlJlJl rji> liU Oi^^l (jJLiAll J 
£yt> J tjJjiJl ij^L ^^ J*aiJl ll» jj . J*!* Ji Ulallj iO>lj Jly-^Jl AJyt 

J jj-UjJJ ju~£jl JiPj>Jlj dDi j^jUJ ,jjll J5lillj i*PjJl iiJli oljjx-jjjly 

,«AJ -Jl OljJjj*»£)l 



r/^b«ti -i jIaii 



j*^p ^poLJl J^aiJl 



<<SiU clt^H^jijj (Gallium Arsenide) fjJLiJI jLiliuyti 

^jjJ^Jl J^ SjjL uJa H .a Jl 45jn"nin Sjj^aj ir^J^J W'^\} 

^jj| ^jjjl l v l5 Sj ^ .ijujjjJI l^Sljjli Ufl"">3 ,jia. JSLJI 

.IjJJuL.^uajJI ^VIjJLilijjjSWI oljlJI ';'• J ,i ; -....-. 

SoalxLlj <i«_>*ll JJIjJI iiJij ifljji olx.Lv.il Jjjo -*-j~ 

.fjjjl 




La dljjjjinSlI <X._>jui 6JujJ < iS « 1 1 ,j^>JaJI fjoa, ju jo 

(Switching) JjjjjjI Jio JLUI oajJ Ijcj JiAi./mit jo 

j-o Jl&ijjl JjA-o ^'^JhJ 4aa.j^^ft jjjjj»o£Jl Ja.lj Ajkj (£jJI 

Jl ^JLwuJI joj iJa-l^jJI Jl jiirtll ja <i£_>a.1 Jl <JU. 

. jLiil Jl liUI j-j ^.jil 

■UjilLI <aJUJ.I CiljiiS <il J ■"■Ijlj ■■«<!! ■;.!»■> j&|j 

^jU'n i " Ljjj ijiajll CiVI JjJLs . JlaJLI lift (^ Ijtf^S Loj3j 

elJjj < ->_i"ft i<jillll j* ojjL (j-» fja. j* J2t ij Ja»j jl 

oSjJI ($Ju *!/ ■lin-tl (j Jjljlm.ll C^jiLij aoJU jl j'j.'."^^ 
.jjjl tri iri JJu SjLMU p I > hi I, I FJj-i <LS_>iajjjLi (jill 

[guj'iji i> jo ^ ml <i nn'ilLi i.aKi (_>iuj till J j£Jj 

I- J J f-f"L*J]oj jj J jlaj'jl I I J4 jjjjjju jk^JiV Jjl jjjjaoSJI 

J-"-a)lll Ja.1 j-°} . JiljJjJj-oaJI itjjjj <ult (V^jSj ,2,1 ,J*JUJ 

Jljj Lc ^Ij CiVI jJI q* I JJ£. IjjSjj' tf>>^* <tj^" Jl 

.JuaJI jliai (jji-ti LjjjyuSJI 

tJ iuJ itjjjJI tiijli oljm'unj^ljj J I Jj^jjJI ,jl «j| > »Jlj 

^1 JioIi uaI I JcLiill i3j_>iaJ Jaxi ^VIojJU .^iimII >oVLi 

Jjuju iJJjJj .iulj illju JaJj JS.ujSja.lj illjb ^jLi jl 

ill Jj jj JUiiMJ "LAajJI iIS^^AImij ^jjJI CjJjJI Jx. <HjjuJI 

?JI JJ Lo <JI Ai JiuiZ jL )S JaSj pjmajJI jlS I JL« .^ji.1 Jl 

jlll) jjJI j^ji; j,t ^iuj V <GLi iiitiJI (> *ja. JiU. ^ji.1 

.CjLi^jj lixu Jl^ja. ja jjSI (jijljJI I n(| inli jt (juJcLuls 

(jLoiAJ jkjL Lo JS ^jixJ cj'ifljjJI caj jjLsjJI u' J^ 

ijjSj jl I j) mi'l vi'llljjJI Jx. (jAJUJ jj ClljJJJJJ>SJI "ttjaji 

Jx. Ljio L^jiLo jjuuj L , ^J 4jU£JI ^ii Laj j^a^JI SjjJLuo 

jiLa.Jj'in JKiti« J jAi jjVI I JAj .6>ia.lj J .j" j . ■ -< Ja-jjjLii 

i_uJj jl jo Lija. Ju^jjJI £)l_m_>*i JLiJLij Jjl^aJI (■ lijjlj 

Loa^a. jii-olj it,>uj jjSI Ci^I Jj ^JjjJ ^n mil jLi dl jj 
jl>oj oLuSj jt iiajJI Jl jjnnnilLi A-SJ JJ5 Sj^_>j jjSIj 
j j^jljm JI <ajjjii Jxaj jS <Ui jjjiii Lo (jAa_i .SjjJa. 
.^aUI iljUlaji jo jUx.'ill ill j^l jo jiljjjI UjjJtJ ^1 
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LjLa.1 ol_yiuuajjljjj (Bipolar) - _ -< — •ail ipiii cjIjjIuu^jIjj 
_sl (MOSFET) n.-iji.Mj^B ^.u iiji^x* (Unipolar) ■ .uai i 

Lj jlj_ > fSJI J3_JI j J J3I-JI i i i ^'i Jj___JI J j r .i S I jjiiuj^iljl 

.(Metal Oxide Semiconductor Field Effect Transistor) 

ik^ljj jL_JI JSi fi, _J_ill ^lill JjVI £_*UI j 



4§ jaJV 4^lil&lf 



_}A P^>2». Jj»^ j ifA 4_L|L. ^^uu JaXJ 



.t-lji-llj 



Jl *_j.__ ^i JLUI lj*J>j.Lp£. _*-->* ^j^** ^ot* 




•jlaLu A5U cuiuy.U Jj^l yUUI ^.L_,y I j^WjjJIjiJI J 
jjiMujlljill ^ Jjjjajl.1 j £*a-J j Sjfilillj ifcUII jk-b ji_jij 

£ ^jiJb J.ju JjVI jLjVI ,> EJJ ^* 3^1 »i* -V^ 1 s^ 1 

ilawuaSliifUo-uljj^^-XJU UjirtH 1 (jMinln U*j n. iinl.tj ,-Jllllj 

J jlij .SjcUUI f\it j»^ij ^jJI 44-31 jlj »UXI jiiau dbl,)j <a~iJ 

jl _ja» J oinl.lj f^xuJI _u JL-uVI -5^ UjulXI CiM-ajll 

.jjiSJVI <4'j^ (^ J-a4J jjtjhnill _i-uSjl ,«jl. _>« «-L5j QJa 

-jjjSJVI ijl_w -i« iijAi LUL. blbjji ijbj j^u b_ja>j .SliSJt j 

_>• jUill UJU CilijjiSJVI Jjtu ^jii Jia. Uijj 4ajj_.ll Jo-uj 

j jl^aJI b£j_ «_(-- 1 4*>i en jjSj-j-u (j. ijjill »L_UI jic jjjJU 



J_h* JU .J* ta^ri^lf J^Ml>l> O 



Uj_ Jam ,^1 UjjIbJI ^j-JI £l_-M I in _A__£j 

U_lx4 .flj<ilrj".ill i»->j-S ^ kjUoiyi ^lli-JI jji-ajjil^ill 

aljLjj _jjii (^u-Yb) Sjllill £ Uu-ss bi^J^ G'Ai 4 * 1 

_)ll dJi£ .i-Ulj £_-,Uil _AJ al-jjlSJIj u^U _h iSjJJJ 

^ iuuljJi J_t j»%tl| jl__uli JiiuoJI i-ia.jy.l ^-Uj^i-I jUill 

Lf j oi jj.1 i_JaUI »la-iU j £*f \ .\ _ja_l j^jjuJIj Ctlij^iSj^ I 

jjuiSjI ^jli |> Jlila ^jSjj . JJJ-oJI v -Ljij4__I jUill 

Jl£ja.l OVIju Jlj_t«jLuJI Jii <U(ju lujjLlil obUojJll 
.(VtiaA-aJI Jt l|? _jx->j_JIJ_J_ij,l s> l_.1) .SjUl 



jLull i_iUUI ,jiSj JjuAa £ju_waj Jt Cui-uj^ll jjj-ujjjljj Jj ii_J 
juj '-'■■~j ji-aJI Jl jLjill o^a Ojjj U- JjyiSjy I ijl jJ (J kjJUuJI 
I4J Ism-. Cilij_ASJVI jja>j U_ ^ibj^SJI JiaJI ^"-aJ objjill -45 j 
M Jl ejJ-JI (> j^xllj JlSiiVI Jla-i 



v\ 
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SofiUJI 



Q jLjiJI tf j*JU j»Sa3JI (j**1\ jyJI) SjelSII ^CJj . f. Ji^a. 03*^1 1> &H> ja-UJjiUuUsiVl^liilljii^jilj^ltl 
4JUJI pljj^ilU SijauAAl CilljySSJVI oiaJ £i=ai Je L ji LibjfS' "ijU yl • (JliJVI) f^l J ''lC - J 1 — ClA^ J*J ^f*" 

SoJi ,il4 ijstUI jj*. oUjjUlVI 3»J3S Lwoa.j . (jWII Jl) j^l Jl J^juJU olijjlifiU dlli gfc-i liljl iJtUll ,J U»i* 



Jl Ijty -C^Ji^l -r^ 1 ) aj>swi **!*.>* A" '^ 

U>ia. O^AJJ <»Ijj#SJJ fcilfrU Jil "Lu^i CMjll t)j 
g^.jl.1.^ i^JJ^ J* JuA^'j^ OJ^ Jl J - -* 3 ol ^ 
JL^. j JU^juJI ft JA Jjlio Ja.jp OLi LAjI liAj .Sj».lj 

Jl ?•■■> .»■ JSi v H-"j ,Uk* Ji jLi* i> csl tS^- 1 J 1 "^ 
I jl ?_ . ;■■■•■ 4lJw <J*fc yfAj .luj>!SJVI <jljJI EJ^J J* 1 J 



iK.i.» j l^tjij JUL, aiUI (> ts^ oUSJ l«S5lfLu.l 

^ JjJt i*^ ,> jjSI £uaj (ji*. V *il ^i«J U. -ob"- 11 
US .JaJJ iCuAuijll .otjjluujlljSlI ,> ^ItSll £jlJl 

,i* j jUI o! V 1 ^ 1 JLJI ^ ***"' tf** 

jjja ,> Lai J33i) .okiJI 4jjls.lM iCiljp^ji'jSll 

^ ill ^Ij .lu> UjJS ,> a-lj VJ Sill jl clijjSihll 



i_i-"~ ■ CiL>Li.n->H ^Ij^* 
j3j .(^j^ioJI »lfejJI 

jjjalaSJl liA Jia-I 
^ LJ»1> Cljlal Jlil -i 1 1 ii « 
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S-^L*— 11 


3-J\^_4i 


vJljULJl 


tjXaliJlJ ?_o_A Llo 


CAi>kJi 


J_ALLii 


L^l^-A-J 1 


3-Lai 


A. ' i\\\ 



J-Aill lift jj tiSJli cAfij* j>J ODMI CjL*-jJ» Ji£ Oljji-jjiljj /u*» DjJjj&Wl 

. -yi-jiijJi ^ (cJ. j)i aUij iujii a^fiii £/i 



i/UUyf Qtjftlt ^ c ui J-*ai 



4 ^l ' » .o *^J»y . 0* _ > Sjicin 4ja.j-o ijJU^fS <i»-Ju Jn->*| 

LjujLuJI Jj-etiJI Jl t^jjlSJI JUaJ i_uIjjuiJL (jj^jJLuJI 

•laJjjui Jjfc jjjvuujjljjjl « *m-i JsJjj rjjiti L*Jh °"'^\j 

jL^-ij jji^jiljiJI «uk ^u; ^iil (Substrate) ^LuVI 

SjW Jisj ilajji JS j . Ja.ljJ £Jjl J <3j3j CiISaL £ LjJI 

^j ejj-aJJ (jAiLoa. (Emulsion) <_il-i"um ^ j^Sj -* ■"*; 

Jjla. jjjj ^^ iiii'iill J^ji La sjaxJI (jj JiKmi isLajV (jajjij 

^L. jVlj(Etchlng) jiaJI aJ j ^j (Masking) ^va <A«* 

mmluijOJI Ijallj(Coatlng) ^■^I'lij (Doping) 

J£ (^uLuVI jkl^SJI Jfc cjIjuL 1 ^fi^j L" .(Deposition) 

<SL»juj (j^ <lt,L il^lj (j£ t||*.il*i< Jbjj *>l Lji« 6Ja.lj 
£_ji (JJ» j^jImujjIjj LujJ rr iirtj CiLLuJI 6,1* Jlo£l Jicj 

Negative-ChannelMetal Oxide Semiconductor ,>n>. - u' 
Ijiij .iJLu sliS jj J2L" < ii-n't ^jjjw jj.,,.^1 ^1 (n-Mos) 

Jll Jtilij *L,.>«£i] Kil^lu.! Jll jjluu^lljUl" I AA £,1 Jl 

^ jLi. l^'iuj "lili i-ta-jll jaM\ FjiJI i>> SjljaJJ I JjJjj 

Jl Lua. iil_yluijj>jljjjl i_Wl JJ-05 1-1 1 In" ^1 rtiljjiJI 



<i)UI Jula.jll <J5jJoJI JiAill I i$j iii^L' fk^uyll !-■■■;* 

^■ '">i ■laljt j! ' mj jjljlll Ljjj »'iifi*i ,jjJI joJiJuJI 

JiaJI (j ni"> (j*j .(jjj^jii Jl^a. 6JIC jjj" 1 11 1 Jj"l 1 u.l jjljjJI 

1$ I (Wafer) i3l3j jc dU jj j^Ij o5j j ^ '■■■■■" *^« ^^ 6*-* 

. jjSiljinll (ji Sj&Ij ^■■■■- 
«i * * 

<a»Lua Jiaj lja.lj ljJAu*)J>iljJ &iJLuJ,l ajjoijJI Jjju 
J iaa.Mj L«S "Gj CillLI ^ - ■ -"*■ 4^jjji J^t I da. ?Sj3 J 

^ j^lujjjiljj J£j .<3UjJI JJ >jj tjiJIj (iiJljJI ?->i.r.ll 
JJ-M3 "Uiat uj>«j .bjA Z\ n , „^j yjJI Jlja. jjia (>.>"JI 

((Photolithography) WjaAJI U^jjailhjt^iuujiljjJI 

J ««r> i n" ^1 icLkJl ^ (juLuVI iua. (>o Ljiljcjlilllj 

" a *• 

.LjjJtjkJJLU^JI £jJoJ LuLa*jS oOaJ.1 p,jaiJ.VIj djjJI ,">• jolita 

1 ,jc. l ( | "iSi l mn Jjjj *il Qj^jljnill £ye SjjJLua ^ikiti ikjj 
•UijJI jrji. jl^jll ,ja*J ^ (j uni" ,jl J*j L-ajjJI ,ja i_ill Jx. 

i=jly>i£j*sM 5LJ3 ciltlji ijaj ,jl oLi (> ^iJI oa^JIS 

5Skju> Cilxljill «1a lio (JjSjj (^ jjl cjaJI JSjiu ■*•■_'- 
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tfJ|.f ^j^i 



iajjuill yrlnm Jmju_ 

6* hJA£u* .<Undl fUiyi 
Oj<jljiiill Jinrtl ,jili JJJLa 

j| t lU'iinl,! 



Jliiill |iiuiJ| ,-■■»-. . .U-....I ) 

Cja. (J FjiAU -UojJlI ta_iij 

■ O^UI £> >VI fwiil jka 



joLa. ■ ■!-.*.. .. fl ^fl,^ 

^ ^mf i i I I (Jjl U *jiaI| 

i^^aJI fcutiiU iaJULill 
.(Photomnking) 



yuOSj* -SjljaJI .ujii ^jU 
tljlt iSJc UUjI f UI f |jil| 



1,1 UUUJIjl- 
Uijj, jsJa JlJIj uilwall 

Je ^Su L. JiUuSJI JuuUI 




^jUJISjiiiJIjiai. 

4jUu jjsu «yi iijb iui 

•JjUJI 





4«i-yr4fcjU 



IjjtJI AljaVI Juii3_ 



l> ojuilAI »$uadl ^JJ,} |JX4 ^jSUljuujjaJI flit, 

eliij ^llt'nill.l <Qbb y« J.».,.J. - .-.li 



(jj^lJI) jjJoLuuljjJI 
»jU ^j»j (JI33jjJI 

»jUi iui ^iii *ji jlii £^u 








Jj|j*ll»i*.jUJllijiLi 




DiAuiVI UiilS jjSjiiuJI 
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£JUf 4l»jM 



U^^ta^uXI ituii UJ H ^^^jj P4UI .IiJJh 

jsijil A»"Ooil uj>"y v* (Jj>-Vl 6i"4) S J^- 



,,11 lj (Shaft) jjUUgi-J 
JLujju JU-aJl JaUi £*-a3 

UJ*.''."".' 1 -?.' 11 ii* J" 
•JJ iM, ij i, J iJ, 



Jl^tjjiuujiljiU 







jjt.l....jlj.ll £>» 4j|jj ,^6 j 





Mjir *-%jii 



L .i-i...ii juJu_ 



J5iJjif«itfillp.jjiWI 
.jjiuujiljlJI 



<Uljll £Ul3JI llluLl 

iljtlJalyiSjJliVlj 
.<JijjlU i.uiiijIU gdauill 



Jc tjjluu SjjJtaJ (^jUpl 





TUlAllAJJC . l.ll-tTl'lU 



luaxlljllj^ljl^- 

Jallj) (jjuluJI tf *ilnl'i JJt, 
■ "J^ JJ 1 "^ ^'j 1 " ^J 3 



AN 
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'J** *A#f f J#-Vf J ... 



nj mil) jlaill (jS-aj L*ilifi .jyluujlljjJI J i i f u jjiJI 

,jl Jlj i. hjJ II Jl g^ijJI <!>•» 13^^ <j' (iix)^" 



Juaj (jC a Tin'l I n'tjl A . <Ulj4j| jjJj jjjjjjJ^'J^' 
jU tfl jj-j ^ (I) (Jj ^jIjhmI jjJI Ll^ Jl oLj^l 
_ < flnrtH i_tinU Jl ffc_ij «^ij _ t., QHrfi B Pa^jaJI (jj 

yjUi *alii $ jip ijiii ju^ji j* ^vi 

uJ^.' 1 ."" 11 '.■■■• <l j^jIj <!►» <cj'iii-»U 4ijS_>JI 



AY 
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g_A[jrf II 


fcJ^l 


V^_l\lVi«Jl 


?ti<-»><JuJ ?_J *\_-a 


CjL^kJi 


j^ltji 


piJxJi 


3 WA\ 


i^JAI. 



Iffcfii ,ill Ajjjl UjLpIj i5Li)l *ui^l jJjj^o^l **J U»j* &L»* Jj)*a* «_/i* JljP* 
oljJUxil jJjj^l IfivMji f^d ^ ^Jl/^V 1 **^ J' d5, -'*' L ^^ lc* • jO**^ 1 

Si^Jlj tOljji-jjSljJtf iflkiJl ^Ij'^I ^J O^ 1 ^P>^ fleSN ,y yj^ 1 

■ J*ill I Jul j . OiJl bill jlc ^11 iifcllj iUil 01^11 oljU^II Ifci JJfcJ ^Jl 

^p oUL jlj*f*^JI l^J JJu ^H &£ll j*j [sjj t ^Si\ J»LtIII ,y ^>-T UL>- j^yu 



^jJt^CjplUtJ'W* yAP .ybll J^ll 



L^JjjqIjjj Lfrju j I j n" 1 11 1 jjk^4l^ji=JI t>SA <J 1 8 1 n"* Lo (jl 
Jj.VIj (jijVI Ijj.I-> £>u UojjAj I Jji 1 ii lj"ln.jj CjjUjj , 
J I Sj oTn aJ.! jrlj-»VI aiA Jg^&j [>° Jj V lilJ jJ . JbJl (jjiJ 

<jjl«.iViinl Jli.jl S^f^l £»j£ljl »lllj J^l c>*5 

GjLiia iulj^ oljlail J I oliLJI Jjja^ JjH (Sensory) 

I -J*"* I ■-°~"-« UaJ^ij 5jl_>aJI f-SJJJ Lojic Lailij^ Ub1>* 

jU..%:i. m ^I IA±) ^.mi-.ILj^VI .iil^j .SjljsJI A<vri 

. Us^aJ^ Ib^tjua pjj-aJI 



jJbl^^ia (j^ dlJj^jij Uiiollj iSjIjaJIj^ --"-j • ""'Ij <frj) 1 A ilS 

_£c LjjjSj jlioji (jjJIj Id'iiiljj Jl rl^=»J (jjJI "fujiliU 

V jjjjtn5tll (jli Uj . <£1jIj ajSj l^jc.^u*jJI o^-u Vj SjJi (1 

Vj jti-cJIj IkLllj . Ja.l^Jlj jibuoJlS; <ljtill fJillj ^1 JaUjj 

JLiSjj-uI w tm 1 uj V <jLi iCi'jh 1 Aj t_jl i.qjI 6kU£. >ia.J>i 

AS (^jjl JjU'Hj 4aJlt.ll JUcL aj3jJ ^iaSjJI j\L CiliLijJI 

. <jj I A ilL\ 

4j^aJI Jlj^VlJ I i*i"u jJjjinSlI (jl ft U 1 LiJLi ill] J uj 
ftjijj jL^Ail (ja <JJJLo oLcU-u (j >■- ■'■i|l (ijjAJl <£jjjj (jujijj 



g^ta'i.ijij i_ijS js-uoVIj tillljj A.L&SJI "GSju i ij<5 .<bLuJ Loj 



AV 




Q"-<% 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„l.' 1 1. 1 l .l .lll .'.l., i|. '. II l.l.Tl 



CjljLii)fl (>a iliac jit 3i~^ a O^ ^^i J* 3 ^' fJ%J 

- > -- It. -I ..*-".-. 



■cUfj.j . (A-D converter) ^j ^La Jj^ ^j Jji 

oLi JJI ,> iJLuiu, Jl obUili SjUUI clkljiJI Jjjaj 

.jilU JUL oSHojj j^lj ji ji^ ^liill (.UtiJU L^it 



<«^ l*iV <lu,UJI iljUVL .iljLiyi *iA J>4j 
1>j yrAJ! ^LiiJiVlj ^Uljjfl L.LJ ^j ^Us ^^ 

. Jjlll tk.J.1 jj, l^uLS oljUl Jl ^*ljtJ| JUjaJlj 
111 £*j .*o*S, cliU Jl ^IjLitfl 4l4 Jj^ alj .jiuj 

oIjjjj^JI ^Aluj^ijSSVI d^y^l ^1 -5 1 ,ol:UI 
t« J*L>u£ l|i»aJ ^jL jUJ ,> JtUL, jj Vj .l^aj\ 



Ao 




jl JJjj .Sjai j« JTMni'm SjiAS JSJi It iuijVI 

aljUl JIJ^ajSjlxiJLiiail^l^iajjJlljjjj 

(«UI ^aiajj .SjljaJI oU.jj «jiil JUjli, 

j'f* l«ljS ^ OliViiVI i.13 «B,u ^LfjjJIj 

. JiljJI tf jljaJI ji-ail Sjl^ 4».jJ ,) jljuiuuVI 

.buLii oljUVI jl Jj5i ai j Ja.1 j«j 
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ugtjvU&i&fik**** 



■ JliUI pSjJI {u-ajJ 1 ial j iij tiiuUjJjl SjjiOj 
UU . (^jwUJI fUaUl (^ ^\X tf JU«J) 11000000 

10100000 jkijll guuMS Ulill KLaJI JJ <Li*L£l j 

. W\ tfl 10110000 Jl gOjJjil Lu<Ui-SJi ft) 
pjgj i .-..I j . OjUbXI JUtfV Uuil JJjU UA j 
SaiUS jk'lSjl Jl l+JS SjJIjJI tajM JCayia JjaJU 



,-jJlj (Successive Proxlmatlon) c^UUI uujSllln -J 

<Olu A J* J4X) Ulla (J jA j . Jj»AI l*J« Jjli 

,Uli» iuaJI Jjfaj Jll jiJji JSl «U»S *Us*l <UUc 

jL-oJI Cju £ jljjj AijlJJil CiUdji ikului JMlsb 

itljSj iu CiuiVI CI" *U4.L5 UiUu i»l>»ilj Y«« J 

lUoliil jl Cu Sabjj oMjiialll i> pjk I* pljal 

Qui I jli .JBjIMI JUSJf <ua>saa jl jkSjJI SjLijJ 

£ ^ YA £ jUj j) 10000000 law jU I tf J*,l t)l Alt 

JJ jj J jaJU yli jiiii* fij j» ((^jiivll jiUaiJI 




cjLfi (Y fijll «UuU«l j) ^lilJI ^JjJI fUuil ,} 
^Jliill fSjJI ,| .00^. JtUiJi jUuJI Jj JUU JS 
juUI jUVI JiaJ .JlStl Jjoui J*. .10110000 

iiu.(jiiu>vi J»^) ^ jrir j \yajlijiAjJi 

ijjljil j*j W1 jiSjil Lijic JjSOj UUjlu 

JiliJS Jt^Jlu. 10110000 ^SlilllfS^ (^j^»JI 

fSj.jjSI .(Byte) QjU JSiA3 Ci&j UU1 JSj (Bit) <=u 

Yso jA oUjL±JL4Je juaUl (jiaj iijiAt 

^ OUjlsJU iaJLxa j3>u«£ll JjIJJ .(11111111) 

.12^ V j A Ou £ jljJJ oIaJS jl Cild&j 



11111111 - 



10110000 - 




IJi**^?**** 



Ulaj . Jj jalll £ Uu, Jjcaa. ^Jjd UU* dljj 

•Luau jll •Otjuu "UUIjJ Jj-jiim Jja-tl »J»J 

<Oj jLJI Jajll (> <a»lj9 J j3j ^ilai JS ^luu <UU 

0lsJjJIJ»lj4JlylSL^j.4^ji*»i«Ujatl 

<U (jjljU fkSjJI (ilSuoiiil USjUuVijIjiSI fvljJI 

SjljaJJ UjjJI iuill ^1 {Uiijll (| Jaailij .Laiiia 



j i in UtJula u^l^p. ISijJ »Slcl fijJI Jl*» 

OljUSI Jl <LL«I jla S^aluu <ala.j< (>• -Uj_jaJ 

Jj j»U l.ijpn* SjjJaj ^al Cil J flirtt'n licUai 

JjjaUj .jlj;U«ill If^li UU flSjl Jl jkjUl 

<UJj Ciljlij Jl SjaW.1 JLuiLjUI CiljUSVI 

OljUVI &» CiliJt ii.1 Jj>aAI J ji> JlifS'in 

1^1 luj jj jidS Scjuo j ifnlnTio Ciljii & Sjaljll 

CiljUiVI (Frequency) jjj3 <Ccju> jauo tf i*H 



AV 



A"\ 
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jM$M tfJt ^bUJI & 



jrjUJI j^.jjj 



Jl£ yUl .IajUJI jl LiLiJI J*. CiULJI o^^u 

jjjjl <jlujI^J! ,jJ» (5>».l Sj-»Sj JTJ^ Si jl dliAj 

^Ij LfJiU. jjjj <%3j (Coordinates) oL5l ja.1 Jl 
^uji\ ,t,X& <GS>». J5U. <lljSa LLjj LLs J Jjajj fJ3 

.gVm.U <jjuJoJI S^UiJI Jlaj <jj\\ ^jj^-alll 



J^S ^1 u^ w.USJI <^^1=JI jAt^l ol LJi» 
cliLJI J^ dU jS u"l^»>f I* <^ <^3j oULj Jl 

.;inc..uU cb^vi si ji £_jS j* djj -xj^j .^bfc 

6 i c.l^jn^.ll^utf.AJl (Synthesizer) ^Sjlli 

iaa-jj J I jrliaj ^>ft.-i«» ^4>"=» Jl ^liLjJl J>aJ 

j; <. u ■».-.-. ^uUs ^IjLil Jl (^^Jl jrjl^JI 




AA 
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fr^-J' 


SJVl_.il 


^_j\1V1Ji 


"tJA^t_uS \j 4 \_Lo 


iLL^kJl 


cJ-»\_3Jl 


Jjblj-Ji 


(3 UMI 


A^uaii 









jte £»*b}\ J^aiil 



llA .(DIP Switches) .__«-JI <a.jjjll CiVIjjJL <-«^u L-eli. 

Ciiy^ill jjj J 1 il l i J ,jc SjLc j_y _ (jljJ-iJI iXfii 

t> <i£. Ll3jl J1.S ^Ul 4,^iV,l,|j UajLl iuLj^UI 

jl W jl C»t»J iuLu (>> i_iltjj jl (ji^ ^illj-^^iu^aj JsJj 

. (Rom) ^jj SjSI J 1^ Jk*t_JI g-olljj j3>a JJ--J V * 

5jSI j jAuoj jjt i- i->J I JjpJ j^S jjjojkaSJI _»J (jLa.VI 
Uk._a_j i_iLsaLij «LI UtJjfi f-^J Cililjlauil <3l i>— u £ ,_— . ila* 

Jj>u .Ji^ll ^Jl j ju^l fU__ll J .dliA AjUiSiL 

<ju(j iiiil J dlja.1 Siit j Jil«iU"ll £_ iu-JI jJjoiaU! 

, 4jji&j \ld_vAJ 
P_JI ^olijj 5aJl*_ «bjS/>ll <aJl*il S_a.j JjS Uju 
3 Jle-J yjJIj Sj^i-uoJI Cil^lo-JI jjj» uijJI 4jljloj <ktuljj 

•ulLsj ^1) jiklj cuL J,* <UJj* ciLuLvu JijAI f-ui^JI 

i_)ljLu <UJo2 j\ 4lut-> <Lu-«_j! Ljlj>-C Jjlu CliL JS .(otu 
<1jj_, <-iAi_v__ jl 4j__jji CiLklji Ji . i I iiij JLJu Jjfc i_uL JS 

(jiuaj j^Ij) ijlliUI JL_jJ| <iiJL oliLJI jl ciULlUI 



_ r j_jj i<tSLkj| r-llia Sjl jL jjjOJko-JI J>« .ftit. A^Sj l»* — 

.liiui Sjjill ciljk_JI Cy JiI-»I-ii1-jj)jUjJI 1^ cIjj^UI 

CiljLul JLujLj JjjIjSJI ,j* ?_^iu_J,| jjjjjus^JI <cLu 1_jj 

5jillll 1^ CiliAi/ill ,j_ C&J^-" ^ Jft Jj**j jlfaJI <Kiii jic 

<kij,|jj iJoiu^ <j jk_L_jJI (LJJ J io->j Jat JS) .6-a.l^JI 

.jJJjUd-JI |^ J^a-Ji yill 

SjUl JjU <£.LJJ i_iayi cljLiVI Jj! jilkil ale 
<j_Lp_yjj| Sj5«»j (Reset Instruction) Iia^JI s jl_,l 

Jl SJjUII 4j3^J,I CiiU-LuJIj (jjjaoJI Ciljl J gx»a. JJ>«J 
(jl (ji»J ii^jlfi. Cil 't- > 1 * 1 <j| ,j- <U^jll -LaJLil 5_aj 

SjUil oL« (Program Counter) ^-lijJI jl jt <ult jlk; 
.^i-oll Jl jIjjJI aixi iuui^JI SjIcI 

\4jlc jlki (^ji.1 iJUt i\iinl l^kla. jl^aJI juj-oj Ujic 

<tL_U IJUI S_*uiJI jiUoil jixi .(Bootstraping) JU*tiJ1 
JJ (Ja Liiuj I _»-o Ul^lc p-iLj^JI j| ,_& J[--~" (jjaj 
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(, j-> l . l «nl l ^1 .J^VI jU-JjJI) 

S jUVm ■"■! j t~~ Sjc Ji^aj 
&J Lo£ ^,* »" ■ ** * ^ « £33U &£, <■ ■*« « 

ifcjJu iuui^JI SjLfci SjUill jiUsI 
j»_jSjj .jiuaJI Jl guljjjJI jljxi 
**$•* J^Tu t^ill ijIjaJI {"uljjj 
4aJUJ,l Sji-j £MjU 1(|? *Uuji 
<l_is 1 >iSj u'-^'-J "^j^ 1 
JiUaJl tfjjj .JJlill aUjUlll 
Sj^uaJI) itLi-uil AxiLXII J. A. Ml 

,lilm ^0)J4 {jljic ffjlJjjJI jljt 

J ■ji i ft' l j-alijl iajlj Sjj ,i/>j 
J i nj'l 3^°- 1 ' .SiAj .guljjJI 
Sjaj J>JJ J-jJUUI &C.L-lJ| 

iji>u>Ji jai iljSjXt aajuai 

jl.it ^ UU3 £ia3j JJUU i ij"i-t'.l 

IjJjlivll (i>«tj) J&ui J I gjlijill 
P^iJl £-o,J .{jiusVI j^ 1 ) 
J JQJI i^I>ulII (JjSj Jin nil 
J* j^li jS (jjjLuUI JliiJin 
jljjdl j""lJjJ 



<\\ 
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!|^||i|l' 





S&ui '\\"\ AcLull C1U4XU M 

fij Jlu ^1 iuoiaai.1 j £xA3yU 
Jii i M il lj dnlU" Jjl jljjfi 
.JulU ajlofclj jajjudSJI Jjdlii 
iiiliJI WjlUI ^I^lc £lj US 

5JUJI Liuij) £jj .^alijjJI Jl^t 

.UlJJI aULUI ji ft/ill JjHj 

SjSlj £ iaJlUI SajySUI tuU 

.Ujldtlj jkju 



Sfclmll Qli AT) jIjjuujI u 
SjSI j ln'imAiTi' t# ill CiljIJI ftjU 
jiljoJI) SjSliJI Uili. iUlilj j»j|j 
$ (JskuJI Zj$loS\ ij nlJ&uaJI 
(jb .lia.iUj .SjlliJLI i&jyAJI 
ailikj (jfjiaJI ^liJJI Jfc^AII 
Cibj'tit.l JiaJ ijiJI JajjiLJI yt 
(jljjjdls .(jl^lxJI Ip'tninn (.Ul 
CilJLuJI Jaia ylio Jl JaSi ^uAj 
J OlJUjJI (j_jaiiuj J I (jujjj 
(jli juu^ib l(|-><njj ,^1 ilUJI 

$ £uUJ Jj* ijililJI S^JuJUl ^ 

SpIjS Jl gli^J *JJS>M iaJUJU 

jlaxu (jl UjUs (^Ji-iJJ (jSJ_j JajlII 
QIjjI if.LinJI »f i An j Jiol^ SjLSI 



*\r 



<\Y 
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«u>it ^if^tr 4ij* *?**( 



Jl illiiJI JaJ fkjJU I ihi, ^jSJj . JiiiJ.1 <iLj ■ '--^ tilljj 

<t>"J *kj>*J SjLiiVI olijaJi jl OsJj j_5}j> ,jj J»j| 

(jU i_iUM1 (^ iiJaj Lo£ 4jjliio oliLuA Jlj l^jJjIj 

(j j ' " » >'i ( | U ujd clli! ,<a^J,l 6dA Jjjs u^tj V jtajUil 

(jj . <LLol£ <JtljJoJ <JI jJI lih^aJij J» ifinll — - ■ ■" Ciljjl 

. v_ijlUU ftLajjM Jl <lljj| J5j «jWiih"ij ,jM\ f-t--T 

Jlj .(Llxll Sju^I) (Optical) cp-v t^>> J* SjUJIj 
. ( jiLMjfs^i^l) (Mechanical) 



-j 



r«»u5 & ill p^I ^juSSJVI ytiJJLI y^J'.ajjill aui 
LJLUI "SjkkJI <Ui jiixu ^ill /jlSJLl Jc 4JV Jl <) 41^ 
?n?'i i i i n SUjiil <JUI d>aj3 .jjjjulo^JI £• JjiLlUI ,> 

Jjl Ui i ril lj LlaS I jU . qj J LaJ, I isi.^1 ,jc SjjLa CtLulsuJ 

J£uj jojIHI l±jl Jc (>j jl fJ5j jl i-i>a.) L SjLil 

JaJ JxJoijueJI £)lj L£ .£>u>JI Jl I Ja.lj Uijj* 4JIJI 

Jl SjLiVI Jili illoJ'lj <SLuIl "<^UJ| iuUijll j^ULI 

jl ltUlJI Jl ,CirO jl jji_ jjjVI CilfraJI ,> ^1 




JjJjaiJI <UHjCUI JbjktaJI ,>(Qrld) J «"—; SlUU(Pad) SjU oiU Jl 
guuluu (> Atj'iU PjiiJI J jjj iioi^O.1 jji SjlUI j^4j Uuai ,<Cjja*V lj 
1+uiSjLi fJJajloaJI JSii jjSjlj cLgjc j»_jaji . jkuJI Sjlil JaJj *£^l-> 
(Photodetactor) ^ j--o iJiilS -uk jitu (Senior) jtiMhh Js iilil J SI j* jt/ff^^/^y^ 

ji juyj oijU&i ji ajiuii $ £jsi,i aUjUw t^ji ^ aii jii jc _ y^^S^^S 

.. Jl OliUxllj CiliUj Jl oljUiVI JjJ^j "JJj'W ^^ljjJJJ,i"<ll 

. " "' .wUiJI Jc JJIoll I+j'ji^I olSj^' 
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E-*L*--ll 


tJVL«ll 


C^UlJl 


?jX*JiJuf' ?_j *LU 


iliLs^aJi 


J-aUJi 


O'jUJi 


3-km 


a ' ;m 



dJij J^jij^ J*p jf l^ f jlJ ^11 JjkSl &** Jl uJJll jjUl J*«Jl j Ufjb 
*LJL> j.HNlj t-dJuii fjuJ Ujlp yj~*S3l J>la iJbt fc SjSO pjju; jlt| ^ 



T/>»y^a> j»au 



.(Rom) jkjj SjSI j j JjaIjJI g^ljjj j-5>j> 

liauil^j s^aII jj^ilj^j ijjSjil <CaJlaJ.I ii^j J>" L»>**J 

i_ijJI Jl UjJC Jj-aJ (jjJI Sjjinill CiljU^ II ,jrf <j|inlui 

<&uj Ac OuujJI ■*'"■*"■ <Lcl urU 4 i Am JS u . dljJaaJI 

J uXiTi CiGj <LjLu ,jj ■ iltTl ^gl ^LsjJI Ja^lll (j^jliiJI 

»jl Jfclj jjjjxoSJI JuaIjj <Uj-aUaJlj «Laa1*j JjI J_»aj <j^-* 

ruuual ji i<LjljJI CuLuJI <jl,j)l£ Ltj^ txuij CiS^JI (J . Joxl] 

CiIjUI JjE <JtlJI 4-uajiJI £«j .g^tj^jjl jl Jt j IjjhLa, 

4 i r\\ j JI uj , (jl^jjjJI £J)J-a AiJaJj (jjjllxll j^tj if lj^ i" 

fjj SjSI J i^ CaSiUI As^ill 4jjjj tfjaj <JliJI 55J15J1 

.^LjU'll JLtluiV UjI jcIj 



tSUoJI £&a4 Sjl jla jjjjjm>SJI J[iiim"i jjj JjJktill <iUf. taxi 

CiljUA, II (JJ» ?lllll.Lli liU <|JL4J jLj^JI j *L_>f£JI jLJujjIj 

»j3j (j*^' ■>!>,.'.""'* 'IcLuj^A lilj^'tj La Jjlj .<a-o_>ill 

l2)j <t ilnf, J£j (jl JjVI 1 q ~ n o «t,oJaJjft 3j£.L2jI CiljUiil JLlujL 

.jjjjxaill Ljj A^ij jjjJI CiLLoaJI (LgjiLa 

jjjjC fUJ 4cLuU LJuUI viljLWI Jjl Jillail Jic 
iaJUil aJskj Jl SJjUJI <jila_uij jjjjlloSJI Ciljl J £xu. 
iJJ LLL*.J .SjjAaJI &\ njllljl JjSjJ I l '*"'"» <lLtaJ iljSjil 
.jiuaJI Jl J^u g-aUjJI jl JC. ^,1 Jia.Ml i^Jj 

Liiii , Jjj»li)l 4jJL&£. jii'i'l IjjhU. jLjjjJI r ,* • ".* L»Jift 
Jx. lit ^it j| j*JI J*«j i^^kj <cLJJ ULlJI <<A/>II JiUoil 

iuaia^Ulj <XAJ^>1I 4jjLi^4^II ClUJjiJI ,> J - -.I--" JCui 




^o 
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iiiiui in"..».-. <tti„j| 

JUjI Jl <LjS^I isJUll 5ja.j juLi 
f&jjui Jl iIjSId _j ju13 .iiijii SjUll 
OliUJI Jiij |jji »i« ? jja .^jj 

j«J . CllM-JjJI iCSu Jt Uj-lf&Jj 
li* LM»J lilli (UJ jl j^jjyijjl 

JjI Jluijl jioc jUiji Jal j4 JwiWUI 
<ujj ^ij j>J U JiloJI clludl jjt olJlu 

jLU ijjj mIalaJa <|| «I...*H SjJLlI J j* H 

jit iljili SjLilj JcLuJI <Uau >uja3 

i^jjUVi liis (jfl (J Uj ,j <uijj 

J»l j») . jijjj j-aljVI jli 'Lt;"'~.'~"* 

<UUull oUIjJI J** <&)> «j" 

.(jJit illill JiiiJI jaljj 



j« SjljSkAl CllJLuJI jflJidUJ iU1a& 

Jt fjj SjSI J |J ujilaJLI J.laJ.1 jl_)i»JI 
#j&j Jl I Jiaj Jjju t^jU CiULuil <E£ui 
itluJI u *..y. Ujit -iijSjtl iaJUtl 
iaJUJ.1 5aaj l«JJ Jaiifl <UUS Liu 
Jl l^kujjj JSuJI (j4 olJLuil <!jjS)XI 
Uj .CiSLsjJI jSf JA l^Jii jaLa, £t£)4 
,^jj| oUbJI (yt JjiJI »i* Oils 
Jjl i^A ijjSjtl iaJUXI Soaj I jnlnn'i 
I4JU ijlfaJI JjJuiJ liljJ yl xu i*ij 
■ill *;*■'; ■"■'■; '**■ I4JI Je ttlJLJI ^ij 
(j« Sjja& <fifn'i jJ>>>a tfi»J ^jj^j 
jlj_c :Jmluiill lj_4 jl .ietudl 
ifjj SjSli .(JjjIjjlJI <E£ui igalijill 
Jain cUxbQJI j3*j iili iCjIjIjuII *C£uu 

£u?. jsi jOi ji jl oiji.i oii. jjsi; 
j"l JiaUJI iulu jsJa ^iil alJLuJI 

I4M4I1I £jj -tf jiVI jB »Oa.l j UiiAiJ 
.Cu3 J JfAUJI Uac jjSJ 



•w 



m 
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ULaMt hdh* 



LjJjSJI S5UJ,I £»ljjVI 4JA 1>jI .U|}lM <JljJl liLj 3 ^ lirtin^'i 

.(Trackball) *lBJWI SjSj (Analog Joystick) 




ijlaUf^JM 



t** 



(Potentiometer) Cj^jloU Zfij** J* <LuiUUI SiUull fli tinTi 
JjjI^j £bl£u jjVI e^'i)l ^1 "tblii« J^i i^OjIj 
jk J« 5iUui,l «je(i jjuS .^iUJI J»l» £• 4o.jJ C5*«" 
■ia.1 J,$3j i||? ilUI F^jaJ.1 i>l»J JjVI »£J»J.I £i» (> 

E _p.jii siLo,! jl^a'uu^j .SJiVI calsjaill J^J 

.jil »bJI £ JalaJI dpi <>»"ljr »4 J V J** 1 C^' 
^| tojmi ciUaJUl CiUoc'j^uil jSjjJIsJI .JjiJJ 

.iiUJi jt ajjui 



tiljlul 



,> Luije'oSJj lf«l SjUJI jlji Je »UOWI SjS J«3 
Uoaj Sj&ll JjaJ liili SjUUI ^laui ^.ji IflS SUVI 4;jaJ 
J 4.^ jaljSI fj» .t^Jli* $ £uU SIjVI ySii CjA ,} 

Jjll Ujiftj i&jSj>e ^jftljuioiljieb <£lil,jlauil kl^i 
J&Ju At l^U j <Lij»AJ1 r" 1 '"" jbuJUwl <bi>i£j$S Ui> 

.aai^xmiiiJciiSjaji 



^A 
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£-*L/J— " 


sJVi^ll 


CjUV^Ii 


1{J*JUi_Jli) \j A L_a 


u»Ua>iaJi 


cJ-Aliii 


obUJi 


& WW 


4 ' WW 



I,- j«j2j jJl &Li)l. jJjuII oIJUjp ILL <$f jJjuJIj llLi 0>& 6f »bu <dJi<ij jy 
.Jj-ilil £L*P l£ (-ii 1 jpju J^taiJl li* jj t Jf*Sl &** L^p j^l** ^Uai J 



2M**« 



O^j^JIj ^U-l J-^aill 



&Llku 3JjS_>ll Sajliil 6Ja.j jkjSli .OjS^J.1 SaJUIl 



S-istJ jj* i_iIWij 4lalS Sj^oj <ajjji JS jj^J" (J' 
alj frlj^l <J^*J o' L»jit j>B nLkil ill ^UjSjII <aJl«II 




"51 J^aUj CiUlja.1 'jlinliiij ajj ^ill JUaIjJI liiafi eLlJl j^i 
f.^a. ^ <jjlj jjUJI) jiVlj Ja-LJI yJJ "Uitj^li X ' jjLjJj 

L>"jIjjj ^"Jl j^* '"ii <?jUr. Ujit t jjj (<jjlill ,■>* ojjJj <">« 
.ot&llj S^ljSlJ <LIUI SjSliJI OkJ^ii ^Aj »lj i&jjjJb 

gi"? (jl (j-o Cn "ill J>* ftiA jjJBJjJI 4j I nf . ,jj (jajxllj 

■uLaxll 6>1a (jLi LAjjJjj . *Ua*uL Jj*j J-Q.i.i "^ " J^L)*" 

^jJI 0S5JI LI .<koi*J.I cdplja.VI C&»^-° ,> <-&Jtu 

Umi Jx i_ijjy"ai _ jljj /1 ii-ij S jlc jjlaju V jJhj _ 43^iiuij 

.jjjiLflSJl SjSlj 

5 jljLO aIj <ajjji Uj AjSj ,-"JI (jjitifill ?jl«f JJLUU 

.i_. ,ii) "\.l I(|"hiii <jjUicVI ^Ij SjSlj ,jl >» Jj'Sfl Iljuj-uJ 
^jjLuu .i_i .iJ JS) £iL^J»il j^« tu "\ooY"\ ^1 ciL«jl*l.l ^« 

[jjij 5^3jJI kjIjjuJI 6 jji ,jl ^ ^lillj ■ (tu \ * V £ 
ipJI *SjjUI <> US ?SI*^ t, Zfojai iuj^MllVI ciUjIxLI 

I jli .CiLa^ixLI (iaii SnljS SjSI j) {.jj h^jjii Uii (jjaJ 
ol Jatj ,jl JoL^ili iQjjlSjLuJI QuilaJI fj-uij Jl Ljjc 

LaIjSj (jjJIj ciuj "UJl-o-i (j* <iJjllj *jj SjSi j j liLajixl,! 

L)' Cfr* (3 . SJ^Ij <Laj__>jui Jx SJ_ja.jJi tjjSjil <aJl*ll 6Jaj 

6J0-J J£j£u (jlJIj filj SjSI J (j <Jj,>aJ.I <uLuJI CftuJI 

. lijlj J hi 1 1 nljij <}riA jijljji |_yJL°J (J <Jijia_a oLa yJ - o 

(2h« (^jj-oSJI SblUVI jjjjjjaSlI a n hi I, vuL *2 tjjiuiVI I j-4 

(Wiring) Kjlm'i l*ilj unni (jj^JJ j.^.rt^l.1 ia.LJ.1 
.jjjji^SJI (Board) iuijlt jx JiAil 

jUiiVI J[jjlu< Jx <jjS>ll gJUJLI S^aj fjSj aIj SjSI J 

(j^jUxll fu^uj <|£juj jit OUUjJl [jj ^c^jAa-a JLlujL 

(jjjlJLxll jjjij dSi« f-jJti* ■<-£ JU ' o'^ J! (jiuaVI o>UI) 
J£ hi*- t " i-i^uj ^lllj (jjLuJI £j>l>uJI (jj iajjjLu JS ^iii'ij 

JS jl ,ja jSuj I «*utj (CjULoJI ,jj J&Ij OjjU^Ij SjaJj 

5Ja.j 1. 1 Ik" illl J JJU ■ <a»jjjii 1^ £u J£ l^'^j a,ljj Ls Jx ^^ 

fkjiii .jaII Uija. fa ^1 CillLJI it\j& <JJS>LI taJUll 

Ji JLuijL ^LuJI kjIju^JI A j l*l"i i^iJa. (jj ij^tjll ■ t ^*"- 

60a.j Jl (jjjSM u>lll) CiliUJI K«i jiC jiVI^Jj C" 
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^m^^'^W^W''''"- ' #*: ' "WBW i W i 




S»ljlll SjSli) fJU SjSli jUiiV 
JjJSjil iaJUJLt Sjaj Jj» (iiUSitj 
Jjjki^u <UiaS ijluijl (j ^»«i i «4jl3Si 
S,]slill ,j £»,»• JS Jl CililuJI <> 
Cub <UI3S J»l (>»j .(»il*t f«yll) 
J1U; Cu JSj <Otb <UJU1 ^ I) Ja.lj 
JjjL p tj SjSU jk (SjLil jt Uja. 
^iUl |J«i £tskJi (>;jti*ll j>»j <*** 

Uu JSJil IflJSJj CiUUuJI (> I J*lj Uj, 
CiliLu (iji jOj Uitaj .Ijnlj til^i* 
Juuij »,>aJ (klj SjSli |J »i* jljl»V1 
iijS^I iaJUll Sja.j^ui3 Jjillll 6* 
,> Sj»1 j ,) CiliUJI Sfrljl ,$ i«V^ 
Jbjjii JSj .(JiJtfl p«jlt) l^Sla-. 
J.IS OjIj ,> *j» ,}A Cuj JiiiaJ 

UU <lM£j OjUI Jii fiii .oULuJI 
^ OMolM tijSytl iaJUM Soskj J I 
aik .S^UJl'jilj iU-jJLI oliLuJI 
JS jUiil jO; l|I J I jj«a SjjjJI 
. f lj SjSU Jilljii 



V\ 
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SjSlill jjiljJi jLOil pi, , ^ 

4,UiU jUiil , )jbJ jj^, ■ 
y* iluJui JUjIj fc/jSjU JtaJ^, 

ixjUJI j ijrfljll oUIjj jjjj ^ jji 



y& jjiijJUl i_m i n j£ j"'JJ."*" 
1&JUJ,I »il»J Uu CiUjJju ffijuj 
cUola. ji jj ia^ijui jfiid j«I «LjSjO 
»ldk .iJUJI iuJJall £l>uuV 

jl (Basic) ■■'_" ■■_■'■ ifcb £jjl&« SjLt 

JtfaJI SjIjI y« yljS J5U i* 8 .*"" 
£ iuidJIj jjjill <UUfi JiJiJ 

»i* jl jl gjlijjl li* j.1 >>U4SJI 

SjjaiU olSjJ.1 J* ilU-j j#Jai .SiW 
»JA .IjMa. C^t j 1 *^ 11 U 1 J' 

,| l^Jilj .Ijjj V^J 3 **"J "J-* 
.(Ready) «j*L».i :5jbt j 1 ^! oltl 



w 



\-Y 



j=- 
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E-*L*— I' 


B..l\.' .U 


O-Mi-Jl 


lC^ftjJtjLiJ Yj) ft \_ja 


CU>Isl1I 


(J-ufcLUt 


Ol>UJi 


3 tV.ll 


4 ' iJll 



M^l JvaJJl lift £. fjUJ tJ^JJ Abut I,, £i Jill iiJaJlj »jjj jil £jUlJl 




fe-LtU 4»jJ 



Oj^JUJlji (J^i Ju^aiJl 



Ja^ueJI .iiil <jlk! Cil jlijj -boil yA ?jul£]l SJVI {«Jjli»J 







W 
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jjt jijAi C U»* JSj .dilutfl <> 
Cg&lui JS ^jUI ^jjj ^J) gUH 
U-UUI J5UI Jl til CfijUli 

c iu. j* o* J) b""j v 11 *** 11 

^Hl Jai j* jalj Olj ,} j^j 
yll &u£JI )>• ^JJ«l* jilj 
V gJlttl lajii £j*-l=JI glUU 
UW J»jImJI **j tjju u!Uj 
Sfiii .Siitftfl i> la* JBl" t^V 
jLlfl fliilub dJj glLjdl 

jijui j* jls js eua ^Sjjjsii 

UUll i) Oljll |> dtfl »Jt dllj 
(£j=J »1» Qwi.1 **"*! .Soal^ll 
f I juJUtl t&jl ^il^li hi liS »l jui 

lljj Oljll lJ)ll Quill J*U« ill 
Uu^j £l Jl Jjitajl *a^i 111 
L»jiij .gjJlUI to.) jt ,jaJ 
4J j^aa. UUI Uu> glbdl tiittb 
jkl |>j .UUji&ll Sjloll ,3HAI 
^1 .JUill C UUI gliall Jtoa ^1 
dtt J* *Wui (3 ^All cUttl 

JuJI (je ulu&il S,ucVI (uuu 

• Jill Jai 






J«U Ij&Ij UOii |J| Jl IjBij 
tbtt jji iajlll J* <UU (jSjj 

ijoyij jjiiAii £un"i> tiuu 

.itjuu jjsOiJfauUiJU £11*11 0U 
iujj 4_Ujj jkJMI J -y i nji 
^Ub >ji jljjl Jit aU^all 
glbuM yUj ujliy .(Key code) 
oLju> (^fi ttaJ Isk^UI |iui : 
j;UUI >lal" »iU tf >i ce 3Uj 
jijj yUJl'.Jj*. 01 Jl JojiuUI 
Jlail Uuli ,j-UiM ,je 4juu>I 
tijyiij C^tia £ilji OiOall 
JULiJI jljduil SjU Jljb [fji.1 
.JjVI C UUI Je 



Jii .^jaJI SjjJa-a oLLuu *j£* ^Ul i2il_>5Jjx«SJL 
oljLil JasJ £ua> jjLuaJLI jl ,k£.lkl! J tflo oaLAJ 

,> SjjjS jjjli* J* tfcjkB yill JLtiU jjl-x! V JLSLiiJI 
" .oLUI 



US iiJlLc ^jlxa ^4p oljLiVI 6A» ■ljl...r...\ ? jyjlill 

oyi 

,> Ul^l'l dlU ,jLi l*^-i, jSSVI ^* iu^ 11 ^ v11 Cri 31 ^ 
(Membrane Panels) 3alLiA oL^L Sjfa-« j»jjLUI cL^J 

*- *-■■■ (jl»JJ L uiLua.VI - ^ud 1I1VI Jj (j*. SjLt <rA- 



\.o 
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.jiysj&U l„j^J.\ LiLiiVI jl <^aUJI c'SH^IuiIHj 

<-»JL>* J* J"3j.M jyjli* gJt*; tf ill jHAhf-^l CM ' j^ 

^U- jyjlill ,juii ^U <jl fcftluu ^jt ^jb V^JJ 

L Uli, . L-i Lj ji>«jjl ifilj-i i-ill-il Ja JaIwj tfjil 

^i i^\i, Ujjxj, aji^Ji »i* -^ fcJ J' f^'j 

ol JjSJI i- a^ ^LUI Wl> ^jVIj JXuJIj LJ*J1 
^Iji djS fc«* f t^ fLJll j3j£-&l ^ ^1 Jj^I 



(Look- JjJs. iJlik Jl j3^ui£ll 
UN ^Wl l/ i*J.I Had up table) 

jj'jkii io« . c uu,i dill 4j»u oi 

Ullt' £.5 .^Sul ij^j JUttTj* 

(R) J^a. ,^u >^H* jt^l 

^ilUll fJjJI 4jlu tflllj ^UUUI 

.01010010 



JJU ^iilu,! liil yAljlil Jt j 
,511, UUjJI ySU UuHUI ^i 
jil Jjia. je ,Mlu jfftutfll £)i 
j-ijll j^ilu <Llkuilji iia-aaJ 
j» kijall (Jl ilu dkjuj ^aUUI 
UUJI j^ii 4Jiu ^illj «UJ. 
.010010*11 



JLu } l>j C UUI ,y<i 4i 
CuU SjUSl ijfc 6<* -1"*?JI Uj» 

UW.IJJJ .( W Js uuy'i) WjJi 

>jll ol jlji^iH fth o* 1 * dU^ 

u ,ji ^uu tan ^iii ^^uui 

gjUuUj .Uijjll 3* 44Ui JUA 

yjj flliii J«JU (fill ^«Ulll 

JUIUj Ijij T»"l ljlj 61 (^W 
lint, m,^ 



^ ill Jj jaJI ,) >^1J >«II j»U« jy^M ts J- y^ 

" ' • . Look -up table 

J%Ja al jSjj^l -ull l-ijj *±AZ <e-b <*»*j>j J 5 -^Jsf 
Z^\ >jl"jl Jjb« jl tf ^ -O* 11 -W 1 
jl CjliJI Jvx&\ SjS! j ^ J^jJ^JI JtiSJI a?.l>uj 
j^ jtiiUil ^iU« jj»j <iU SjIcj .l^-ii jj^Ull W t) 

fMba tfjii ^i*- epuai ^ :iit ^ J» ,d *> , ^ :1 



\$.}i:n-'jjf-i<ii>. 



■ . ■ .TV.-.v-T. .'£'■. X';t 
'■..■^'■f'.;^-i'Bn^. r ?i 

■.'■l ■'■.■•:f •..'" .s/'Jtai 
















■ ' ■*(■+ . ■:-, ... 



N-V 



N*l 
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Sr^*- 11 


sjvi-ai 


^UIJI 


t^L&uaJ Y J) <>> V— a 


c.i>iii 


j-jIlui 


lib'j-Ji 


3 UHi 


2 ' -il t 








• ■ aim.* . t *l . .. I t 
ld_ij_>aJI jl^a» l(|_ilf. 3^^ <^oVa. tajjji iVjJJ (jajJU 



£jLiJI» _j ^. nm j yllij gJ&JI (ji/>t jjj jjn<l l Jjjj 



li»j .JliAt S^J* 5juUJI jl (LiUJI) v l3jil Jc 



t'i: 



: 1" 1^0.^9 ■,'■' 

:d,.' ; Qi i^.;; 
.i'o/e;o:o:'0' 

..1.Q!.'d ,/ 0'0'0'.p" 
,%0'O.Q 



m 



,V'b ; i::'b : :0' i , p 

'Ci , <i: ; :0 , .'Q , ':.©" ; 

6b o bo 

OOQ. 

.OO'.o o,'0 
bo. o o'hj..:'' 
■p..;-o, q d,-;d. 

&;6.b.'.b..&'.. 

,d' D-6:'0.'' 



•a ■.'! .i> * 
'■^.' 'l.'l?' 



1 : P:. 

r .wm 

'0: 1'' 

■is. a 





Ji.''."j'jjiiHiV; j 



b o'.'b. 
■ob.ip 



Ivi 



,o o b.'d.'b a. 
o b b b o o 

1110 



..o 
b D 
d ,1 

:.:i.;.0 . 



■1 o 
1.0 
1.0 





■W 

.0 

<o 111 1.o! 
: , d''-o^.O'D , ijD, 

: :.;;0.iJ:b:.b-'0:i^ 



:,::■:: 1;::.W;'.0;.!p^: ; ;Qy 

^■■o'd'o x [ &\ 
: b b.ob o;.o'' 

:,0,Q ; 



A 



■ |b:: -i< i;i:ixiii$. ,; ?k> 
■■■'4 , !'jji»,<> l S;4!#!(i'''s! 



;-Qi6-,0'. Q'tf.!^'" 

: i 'i. , i. ,, i:i" ; -oi..' ; o- 

1 ! :0 1'0, 

.1.0.. 00 10 

.1,1 .1.1 o: t o 
1 b'.o;o'b : ;ov, 
■i 6'.,o','.fl-6i , 0'-' 



:.;.oo a 
,;,o.ii...i: 

■r;1'0'.;Q: 
■'■ 10:0: 

■ .1 o b 

. ;0:1 1 ;i;'4':0: 
.' : :0 0'b.0:1;-Q : 
■■ ■.bvQiQO'i.o 



Oi.'O o:' 

b;'0'b;- 

:1 ; 0. 

1 o. 



TvTT 



jjji .jj^aJi *}#>, jjii £ijU im« ijl 

ji^JU ■ ylfUUI (R) Lijl Jii Je ^^tiU i-1 

iiiuiUI iJOajVI JiSJiU 4U»imJ.I cA**»Lll 

Cju'fjSUI C<jUI JSJuJ liju u-jtiJI J3.UJI 
J^l JUja-i) ^JU ,^1 JjaVI W .(Jj»VI 




S*A 
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JSjuu JSj <i-aLaJl olnjla'll i_iajaj| jjaj SjSI J 
Jx. Lf*«ajCj Ij 'ftfrj jJ i£>iVI jJj "Ja-lj Ij. jr .j 'n hj j 



»jjjj_>JI .>h« ft (jfSJj (...pJl i/jLAi cAjjI£ (Jl oljjliaj 



Sjail Jja.VI j>«j fluuj ^sJlj {Character Generator) 

(BlOCkS) Cil-« ? « J I .ji^l >b U>a> M.f.oia.jH) £jiU 

jl ^iuua (JSj _ jLLi^Ij jLa.1 (jj •tiJjj'. .■>■%-» II -"jjluijuo 

JLuJI I4I4 i ill* j (jjJ) Jail] I jj* 6 JsJj <k*Aj *£-*■".' Ja.lj 

"u 1 r> n JaUj ajjjI Ifrjit, i3^°!f (jf*"j '*jilj*JI J* (jiyjaJ.1 

« JaJjJI «^ ? «ll "juIUI jlWtflj jla.^1 £jj»a> .(Pixels) 

jJj-6 SjSI J iJ S^vljXaj i_£jalj <UaJ^i. t4* n"-» n 1JS1V1 

Silsta (jfi 0i_uul 1 »-> I (jl <jLli |j* i_u*j*JI IjAj . 1— Jj_>^JI 

js jsj-'ais u^ .tL "j^jii sjsiinj tj^ii uuii 

(jLS (Binary Digit) LiLu ln»nl USj £ _•> u ob» 

,* ** ****** * * ** 




lA«yij liia.UI j«a.l' ^Aj UcUla *'--■■■■'.■ 



N^ 
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JsUJI jAj (Resolution) »_■ >~"H JU^ $ ^a IjiaJ (5JJI 

J JjinUpJI jj^ ^j- ^Ltafcl (>• ^ i»l Mill (£&JU (jt (Jjijinlil 

Jx. SjjU <UJj5l£ «LuiL»-iil ■.'.'.^'■l illllAj .<LajjxU Sj^uJI 

•[lu^o <^Si i>j^Lo **« ■■■"■ (jt Jii V La* <ljio j^jj-a jl^Jol 



i_lj^jl ,j* i_lUjil iiiLip ■ «H*" CjIjJJJUjiSJI phi ft j 

dSjJI jjjajj .iuyjiJjJI tiLiU JSUU tfjjSlS ^Luil 

pLLwaj Sjlii jSSt 4jJjjI£JI iitljuijll ^JJjLjVI CisuluoI 




J lC,l *LM 



Jjj^ijiJI tfjbJI 




(Vector CRT) *»jU^J)ilSil ^fiUJtfl tJgJVI W 
y SJjuu <UtU*!l <Ujaa Sjj^aJI JJOa. Inln^j 4iUj 
Uluj JiJu I ut julul Jfc Ix&il* <Loju CiO i«j^ 
<L*jaJLi .(SjljHI quiM i^i VJt*VI (J failudll 
SjuiUt »j>aj iaji d)UI *1ouiI_jj ojjujJ.1 <U r U i m JI 
tf jU iai. Sj>aj Jjjlljl J| SjiJuaJI JoUi tf*»l jj 
J&L&JI U .yl $ ^aij tfJ».U dljij (Diagonal) J1U 
lusli Sjy«J £luw ,»*) JSiill y&lui j^J Oj^J ^ill 
O^L ijjlutfl li* t|Sl .<twJi<JlS CiUjJaSil oAJU $ 
1j,ji-o jig V US U a» JJ 



v_Aia cjj>jJVJ jltaJI Jixll £ jiluia ^JJi^SJI 
»l^3L> CibijjJiWI y* (Beam) iLrliin <Uja, 
jjLijiJlj'idiljJl USfaJj <> tUJaU WiUiJI 
UJS g j_- - a Oljiil £*)!' oil 4iUS y« m;11I 
jai uL> £j .ijij^VI oUjJUb ujusl 
(YoKo) frjb jit <UcUuJI la}»JI j«j <<UiUt>JI 
,1j >>>U1I jj Ijlilwl U^&JJ ^^ujlaliiajjS 
^UVlj £JJ-.LjJI tyj-iuijfeLiUI Cg-lfeJI 
»j_$j (i<- > T II j-j j jjrtl l iij-JJJ 'OHUJLI 
I Q Kr>._. ^1 JsUJVb ^LUUj" Olj-^JOII 
ijjjiil'^j .Jjjjiuijiil «Ubj'l Jt ^UiiiVI 
ULailt jjfliiil fc* i)5U aljJ ujl« i^JjilS 
isUill ^ uiiiij ,3^J (jc Jj^iu l^lo JS 




J~ Mi Ml Jt fi>*yJI (ijSj ^ji>Ul li* .(Raster-Scan CFtT) 
^ill Ja^u ijij^SilVI itUiill jijaJI Ji5 ^j'jJb ,> 
jUS I Jli .Jiujl JJ J*l (>J ijjajJI JJ jluuJI y« IfaAa 
SjaIj UjjUJI Jjrlniu "U^a. £J4 t)j>UI ^jW yUjXI 
f ja. »Llaj ■*•■■•» ■ UUaa j Jiiiin ■■"~ |^u (Cjuu JiiJJ 
JsliU JtlU UiUI JjHj IluiJLI ^ULUI ,> Jai 
j^ll.1 ulijXI ,|Ul' .(Contrast) ^UOJJ itjiUI JjiiaJI 
j*»VI JiiujUl S^ 3 v 111 AMI " 1 *^l*4dl r jaJI oji 
Cju Ujjjj JilU ilu^JLI iliiJI ,)' (jjJVIj jwoiyij 

u'l^yj «tj>iiJii ciUUsji jjj .ujmj jJuJia ^sju 



^^ 
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JS1 Ji, 



9 

-i l«^f> j» ml ■*■■■■'! .»■! ■M .Ml ftjjj .M^uiil 



^&OM tiix» Jx. alii I j aj n i n'\j Ulj-ui jj* ■ ■t-'H iJjlS 



!> Jjj^j £JJ illjj ,jLi J^aJlj JSilJ <JjIaJI SJ>^xVI ja^>» 




£uj S.uc1j ijjino JSth Jt L3jM fiuijJI 
jj-uJI uj£uj • l 4 J »* J^l Jjj* J^ l»>« 
tilj 5jjl_jJlj gj&JI olulaj 4*a>j3 fJl Ujit 
JUaJi Jjj Vila, j ji.n. olliUa J*| JjJlii iuj, 

cUiUiJI J*" jsJia ^jjl jj^aJI ,> £ |_ji| 
JtiuiJjSJI ja yijxll fljl (^IS lj}i .J-.hnil,l 
JaUiil jje jaljUl JiUdl Jliuu^UU .JSUJI 
jj^ Jit (iSloJI ^1 JJ JjLlj fcdriXUl 

L-jIUj^S j-iill (jaj-iJI ji (Qaz-Plasma) 
g* jU ijJeimi JaOiH &p (Electrolumlniscont) 



> > N 
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2-*U— >i 



jLiylaJl 



sJ^-ai 



J-^L^il 



j\1VUi 



^IjI^JlJI 



>oi*jj(_jur 



i3- 



J«ai 



Y_$ — aLIa 



Aj^yi oj^l ^lyeU dDJb j\»z£ ipLkll i)T ^jjCJ J^di)! lift jj lotijll 




' r ^S^'^" ^^-^ * " n : ^'"f'Wi-^yiirfr . 'C:-^y: i tJ T r \f^^^^M 



."iJLia^rvi. ^1 "lel£ i-i^a.'ill £jJau -LuiSa lilxjUa elLlAj 
Lj-iaj Li^ 3 * Li/*- U*»JJI JjJaj La Ifla fjjil Jx LAyUJJ (jAj 
i_i^a»l ^ • Qu Ljjtjjjj £\)ljju dljjj <UKt jUuill £jJLj La 

A il ajl i_jj1miI L&ja.Jj Jn'n'i iLxSaJI _££ CiLuLkJI u^*J 
rr iii'iII «UI i_joluilj 'J'"* 1 u^Luil tS^i.1 uLuvlj ^*" **'''" 

ji«j3 ^Ul fcajj.1 caj fAaj^VI £jiJI I ja .(Photocpy) 

Lfj jLlaj ^jJI ivjjjJI ^cjjJIj JjjlnjVt'11 CjIjuUU! Lfj 
.S.la.lj <5U)J <ial£j i_i>JI jJau ^"Jl CiLuLUI 



LgJ&ji J-t ijjjj>«^II 4j ft^iJ (S^ J**JI d)C "Lajl J 

^t J**- ^jJI (Impact) «LaIj5»JI cLiulkJI Jfi\ .(^-jA, 

*Lal jjj ji-% n iujji ,j^i «J5j ill tl&l j\ l~« ■» iJJJ" 



LI .(Nonimpact) <j*3jJI jni oLuLUIj aL^ ; 

, <iKJ|j "jtjjjJIj Jjtaill (3 j>4J I " j uj jijLiJI 
■ikila jl ~lal£ Lai i_i^a."lfl p-"UJ <Ux3aJI .-.I. ML1I »jS2 

^j (Dot-matrix) iikuL" ciLuLU ^1 L^tlc jlkj Uaic 

(j* £-aju-aj i il"A n J .AC (JJt^I Iq"i> n_>j (j^aj "jjl in" 51 
1 • • j <jiliJ| £ J^a. ^ • • ^ju Ljitjjji ^jljUj^VI 



JJJ 



^ UuU JjuUoJ ^Uall (juljJI OJUj 

JS .jj Jjjlc JSii Jc *j3jAI (JmjjLjoJ! &* Jit 

jit Ujli JB*)inn jl^laa jkUU 4jij jxi^jj 

iaiuaJI Jt ilaii j*aJ.I JajjJJL"ajiUa3jl 

UUI yfiUaJI (^utjJI cJ^Oj Uioaj .aU»j^]| 

CiljU Cilia l)^Lj Oil jiUal jijj JCaiiAjl jit, 

UljiiUiiijJ.llilia^.iliSuuU^kl Jlaj 
*uij j/ili {f ^i] O^t^i^ 2 1 ""'' L>a UJjp LcLk 
(R) Op. itJil JJilf <L«iJI UJULI siaeVl 



i.: 







-" • ^ 


^^PWB BW»i^,I^^ifcfcw^*- ^H 












^jctHBIB Bli»^L^fc^w"^^^^*wTOalBr 




m 








■ ■■ i 
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J^eLa. iiiij jn"n"i ifijuJI julU 

Lfrtk Jilaj CS^j Sj^l JijiijinT'i Iftl^i 

S^j iu, I4I4JJJ (Buffer) SJjUJI SjSlill 

JijJI ^jllt 'jj'j.'.'** 11 Lj^ ic^uJI 

Lj3lj jiiU iajiaj CiUjUaJU . g^l J 

itjyJI ^iUJ ,jl jjtoui V j Jrtt'lKjU 

.OljJ};U«SJI LjjjlWl ^111 jJijjlsJvi 

gjiJLi iajjil SJjUJI SjSfill yilU 

gJUj |»UI Jcjuilli jJ£U4&ll y* CiLilull 

ji if<U3j i^ijiai .otiLuJi oi» i*j 

i<UI JtjuJI (> jjjjl J-uuu JbullaJI 
uiljiJI li* .tauUaJI iCjui £4 (i -J urn 

SiiJ.1 jl^l ^a ^1 (jljil (ijj SjjfoJ.1 



tuJ'JI CiLulUl <LuluiVI jwsUaJI J1VB 

jjLa^^j^uj(Slug) ti^al IlojSj iSjlao (j* 

LjILu j^sLaJI ata JJJJ <UjlaJU j> jil • jjJJ 

gljiVI ^ . JaiuaJI j£ JjaJI jJbJtyuu JI 

(Li^aJI CiUdj&IU S.1& Jt Jja JS £jlai ^JUI 

^u,| l^lt ^Jlaj Jjjil J 31 jl lnji« Jt ljSj3 

fiJjftU fjSjULaj (Daley Wheel) . JYjJ 

jsiu j jjaja ^1 JtiLai J— jui j* jailoiu 

gj^uJI (jljjoJI i?jlJ i.imLUI \^ai^» Jl 

jijuJ iUii'iILi Lai . JJjJI Jintj uVjolJ 

J* u3j3 jkuuJI CiLu»j! jli JjjIauJI CiLullaJI 

■ JUlbj i^ljJI Jmtij <tj)« Jjmjju &dai 

. J^» JS J* Jjjjil Jaiuiu jj1=JI 



\U 
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ttlaall oUjUaJL aj^aUl CiUjUaJI jjfej 
jJj jjjfa (^s £j£U.bl*J ^ jjKtJI (InlCJM) 

ij^lXI j^uall Ikala. Sj^i^u uiml'ti ui^luiVI 

Lial ^fiUall tpljil 4^" biiaj ' J^VIj 

jlaJI Olili, oUliill JUsS j^ll &>Jw> J* 

(j J <i>a>^4 t£j*^> gll** **l»ii JiiiImiIi 

Jtiij JS $ kliil (> lA^fl dJJJ Lijio fcuUgj'l 

U y4j ^Joiuu OliuUaJI o JA CulS Uj .41141 

jU ii^J JS j Jtjji* ilalj r • > £e JJj V 

Ijuij jj^o gllil J* SjjU CiUuUaJI »JA 



dl J dJU .OjViiiih £wj£x« Sj_ji^ idJ jj Ujij 

pLjjiJU gjj-tilin *£lj J^iiUj JjUJI yfijj 

tf AJIj (i) (Toner) ^ilt ixk Jllu iia.^,1 

.(a) JUlLaJI 4i»JJI oil iktfl J* fralk 

I^jJI fAiil yi»ij Jifedb fcJUJI ^bjfSJU 
Jt j^ujjl JusOL j ?(V) ijjJUI JSiAJI lijii 
J*J j . (A) JoJLAJI j Sjljijl y* gJ>J *I).jil 

jJu jUj_) <JJ&j j <Uibj4ill ■■•'•— ■ ! ' ,j< 



Ijjaj Juu CiUuUaJI (> jil £ji JUa. 

(Electrophotographic) ^jljaJI jj_y-olll 

DOA (Laur)— JjjJjUI CiUuUoll fwiU kijj*il 

laJj ih\S J-*- tcLtb r ■ u ^"* oLiuUaJI 

$&s. & i>jjJII <CuU>JI JltBj .5 jalj 

(J CiljU ijyib tilajj JiwJ (\) j£Xb£ ^jj^ 

ijiiaA <Jji+o gdlu ilouiljj »Aa.l_jll JJjUJI 

ft i* (T) bl jjJI J'"J'"» »l^« J* b^o tf jaj 

Jib Jfc t^uSaJjl a^iaJI jljjjl Jl ^ajl Sljll 

itj-tlji (T) <^>l>l eljj^ilb (j>^ui«(Drum) 




N\o 



\U 
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i.-axRi.i'ftiai-* 1 : 



